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PREFATORY NOTE 


With the exception of two chapters the material 
which is presented in this volume has appeared in 
scattered papers in technical journals. These papers 
are here reproduced with such minor changes as seemed 
necessary to weave them together into a fairly con- 
nected exposition of the subject. In them are sum- 
marized the principal conclusions which flow from the 
detailed investigations into infant mortality made by 
the United States Children’s Bureau. Although the 
materials gathered by the Bureau have been freely 
utilized in’ these studies, the responsibility for the con- 
clusions stated here is assumed by the author. 

Those who are interested in studying the conclusions 
in the light of the numbers of cases involved or in fol- 
lowing in further detail the points presented in these 
chapters, as well as those who are interested in other 
points than the ones which are discussed here, are 
referred to the Children’s Bureau bulletins on Infant 
Mortality, and in particular to Causal Factors in 
Infant Mortality, publication No. 142, which sum- 
marizes and combines the results of the separate city 
studies. 

Acknowledgments are due to the United States 
Children’s Bureau and to the Bureau of the Census for 
materials used in these studies. Special mention 
should be made of the generous assistance given by 
Sir Truby King, whose work in saving babies in New 
Zealand has won world-wide attention, by many New 
Zealand government officials, and by officers of the 


1x 


D, HIDEN RAMSEY LIBRARY 
U, N. C, AT ASHEVILLE: 
ASHEV HA, We 


x PREFATORY NOTE 


Royal New Zealand Society for the Health of Women 
and Children in connection with a study of conditions 
affecting infant mortality in that country undertaken 
during a visit to New Zealand early in 1920. 

Acknowledgments are made to the American Journal 
of Hygiene, The American Journal of Public Health, 
The American Statistical Association and the American 
Child Hygiene Association for permission to reprint 
these papers. 

Rosert M. Woopsury. 
Washington, D. C. 


CHAPTER I 


InFantT Morratity in THE UnitTep Srartss, 1915 To 
1921: 


In the study of any social problem such as that of 
infant mortality, knowledge of the facts relating to it 
is the first essential. What proportion of the children 
born die during the first year of life? What are the 
causes of these deaths? How can they be prevented? 
Are preventive measures which have been adopted 
effective? In what directions should further efforts be 
made? ‘These questions and others closely related to 
them must be answered if we are to win control over 
our problem of infant mortality. 

In the United States knowledge of infant mortality, 
its extent and causes, has been and still is limited. 
The calculation of infant mortality rates in the cus- 
tomary manner, by finding the number of deaths under 
one year of age per 1,000 live births, is dependent upon 
good registration of births and deaths. But as com- 


1 The material in this chapter is taken by permission from De- 
cline in Infant Mortality in the United States Birth-Registration 
Area, 1915 to 1921, published in the May, 1923, issue of the American 
Journal of Public Health, Vol. XIII, pp. 377-383. Since compara- 
tively little change has taken place in the infant mortality rate in 
this area since 1921, when the rate was 75.6, the discussion of 
changes has not been altered but includes data only up to 1921, as 
originally written. In 1922 the rate was 76.2, and in 1923, 77.1; 
the rate for 1924, 70.8, and a provisional figure for 1925, 71.5, for the 
entire birth registration area, exclusive of Massachusetts, Utah, 
and Wyoming, indicated a further decline in infant mortality, but 
at the time of going to press the detailed rates by causes even for 


1924 were not available. 
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pared with other countries the United States has been 
singularly backward in such registration. Statistics 
of births and deaths are available for England, for 
example, since 1837 and for Sweden since 1749, but in 
this country, except in a few states such as Massachu- 
setts, Connecticut and Rhode Island for which figures 
run back to the middle of the past century, such statis- 
tics are of very recent origin. Not until 1915 did the 
Federal Bureau of the Census commence the annual 
publication of birth statistics for the “Birth registration 
area,’ an area which included states in which, in the 
judgment of the bureau, birth registration was at least 
90 per cent complete. In 1915 this area was composed 
of only 10 states and the District of Columbia, and 
included within its limits only 31 per cent of the popu- 
lation of the country. A number of other states were 
added as their birth registration was tested and ac- 
cepted, until in 1921 the area included 29 states and the 
District of Columbia and comprised 60 per cent of the 
population. For this area, then, fairly satisfactory 
statistics are available for a study of infant mortality | 
rates and their trend, and for an analysis of the principal 
causes of death. 

In the expanding birth registration area the infant 
mortality rate fell from 99.9 in 1915 to 75.6 in 1921, if 
the statistics can be accepted at their face value.? 
This represents a decrease of 24 per cent in the six- 
year period, a truly remarkable record. 

In this decrease, however, is reflected not only an 
actual decrease in mortality due to improvement in 


2 Figures compiled from Birth Statistics, 1915, p. 10 and 1921, 
p. 29. 
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conditions affecting infant health, but also changes due 
to the addition of new territory. Whenever a state 
was added in which the mortality was markedly below 
that in the rest of the area, the rate for the entire area 
was lowered even though no real improvement in con- 
ditions had taken place. Conversely, whenever a 
state was added in which the mortality was markedly 
above that in the rest of the area, the rate for the entire 
area was raised even though no change in conditions 
had occurred. 

An examination of the rates in table 1 shows clearly 
the influence of such additions of new territory. In 
1916 the only State added to the area, Maryland, had 
an infant mortality rate, 121, considerably above that 
of the original area for the same year, 100. But in each 
of the other years the territory added had a rate lower 
than that of the area previously included. 

Part of the apparent decrease in the infant mortality 
rate in the expanding birth-registration area must, 
therefore, be ascribed to the addition of states in which 
these rates were low. 

A simple method of measuring the true fall in the 
infant mortality rate, as distinguished from the appar- 
ent decrease due to low rates in new territory added to 
the area, is to study the decrease in the original area 
(exclusive of Rhode Island).* In this area the rate 
fell from 99.6 to 78.7, a decrease of 20.9 per cent as 
compared with the decrease of 24.3 per cent, from 99.9 


3 Rhode Island, though included in the original birth-registra- 
tion area in 1915, is treated as separate from it in this discussion, 
since for the two years 1919 and 1920 the state was dropped from the 
birth-registration area altogether. 
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to 75.6, in the rate for the expanding area. Thus only 
about one-seventh of the decrease in the rate can be 
accounted for by the inclusion of new territory. 


TABLE 1 
Infant mortality rates in expanding birth-registration area, 1915 to 1921* 


AREA 1915 | 1916 | 1917 | 1918 | 1919 | 1920 | 1921 


ATCA oe paces Wen eee Eee re 99.9}101.0} 93.8}100.8] 86.6) 85.8/75.6 
Original areaj (excluding 

Rhode Island)............. 99.6}100.0} 96.1)105.8) 88.7) 89.9)78.7 
Rhode Island................|120.3]111.2/107.5]125.6) t 92.7 
State added in 1916§......... 121.0/119. 9/140. 4/105. 4)104. 1/93.6 
States added in 1917**....... 88.1] 90.4) 82.4) 79.4/71.3 
States added in 19197f....... 86.2] 88.2/75.5 
State added in 1920tt........ 64.2/58.6 


States added in 1921§§....... 73.0 


* Compiled from Birth Statistics, 1915-1920, and Infant Mortality 
in the Birth-Registration Area of the United States: 1921. U.S. 
Bureau of the Census. 

{| Maine, New Hampshire, Vermont, Massachusetts, Connecticut, 
New York, Pennsylvania, Michigan, Minnesota, District of 
Columbia. 

t Dropped from birth-registration area. 

§ Maryland. 

** Virginia, North Carolina, Ohio, Indiana, Kentucky, Wis- 
consin, Kansas, Utah, Washington. 

tt South Carolina, Oregon, California, 

tt Nebraska. 

§§ New Jersey, Delaware, Mississippi. 


This method, however, does not take into account 
the decrease in rates in territories added to the original 
registration area. 

The tendency toward a fall in infant mortality 
rates appears, as shown in table 1, not only in the origi- 
nal birth-registration area but also in each addition to 
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that area. While in the original birth-registration 
area (exclusive of Rhode Island), as already stated, the 
rate fell 20.9 per cent during the period 1915 to 1921, in 
Rhode Island the percentage of decrease was slightly 
larger, 22.9. During the period from 1916 to 1921 the 
rate in Maryland, which was added in 1916, fell 22.6 
per cent; during the period from 1917 to 1921 in the 
nine states added in 1917 the rate fell 19.1 per cent. 
Decreases of 12.4 per cent and 8.7 per cent appeared in 
the rates for the areas added in 1919 and 1920 during 
the periods from the time of their admission to 1921.4 
A method of taking into account the decrease in 
mortality rates within the added territory as well as 
within the original territory—giving to each fall in 
rate its due weight in the calculation—is as follows. 
The percentage of decrease from each year to the next 
in the territory common to both years is first ascer- 
tained. The initial rate in 1915 is then multiplied by 
the percentage of decrease from 1915 to 1916 in the 
territory common to both years; the result is multi- 
plied by the percentage of decrease from 1916 to 1917 
in the territory common to these years; and the suc- 
cessive results are multiplied by the corresponding 
percentages of decrease to form a series of adjusted 
figures which measure the true fall in the infant mor- 
tality rates of the birth-registration area. ‘The series 
so constructed is as follows, starting with the initial 
rate of 99.9 (for the original birth-registration area, 
including Rhode Island): 99.9, 100.2, 96.4, 103.8, 89.4, 


4 It should be noted that with a given rate of decrease the per- 
centage decrease over a period of time varies with the length of the 
period. 
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89.0, and 78.5. It will be seen by comparing this 
series with the series of rates in the original birth- 
registration area that the tendency to decrease is 
substantially the same in the original area and in the 
added territory. 

A second factor that must be taken into account 
before a definite conclusion can be formed as to the true 
amount of decrease is the improvement in birth regis- 
tration. Since the number of registered births is used 
as the denominator of the rate fraction, it follows that 
an improvement of one per cent in the proportion of 
registered births would result in an apparent decrease 
of one per cent in the infant mortality rate. Hence, in 
order to be sure that the figure, 20.9 per cent, for the 
original birth-registration area (exclusive of Rhode 
Island) represents a true decrease the questions must 
be considered: Has birth registration improved? And 
if so, how much? 

Since birth rates are calculated by comparing regis- 
tered births with population, an improvement in regis- 
tration is likely to lead to an apparent increase in the 
birth rate. Hence, such an apparent increase, especi- 
ally in view of the fact that birth rates have been 
falling in recent years, creates a suspicion, and a con- 
tinued increase creates a presumption, that registra- 
tion has improved. Evidence of such improvement in 
certain states may be found, for example, in the increase 
in the colored birth rate of Pennsylvania from 17.5 in 
1916 to 23.8 in 1921, and in the increase in the white 
birth rate in the District of Columbia from 16.9 in 1916 
to 19.5 in 1921. 

A rough measure of the fall in birth rate in the several 
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states of the birth-registration area would be found in 
the ratio of the 1915 to the 1921 rate, provided no 
change in the completeness of registration had occurred. 
The ratios for the different states are found on examina- 
tion, however, to vary markedly. For example, the 
1915 rate in Connecticut was 11.3 per cent, in Massa- 
chusetts 8.1 per cent, and in New York 5.7 per cent 
above the rates for those states in 1921, while in three 
states, Maine, New Hampshire, and Vermont, and 
in the District of Columbia the 1915 rates were lower 
than those in 1921. The explanation of these marked 
variations is doubtless to be sought in improvements 
of birth registration in the latter group of states. 

If the average amount of the fall in the birth rate 
throughout the area could be determined, it would be 
possible to make an estimate of the improvement in 
birth registration. A comparison of the registered 
births during the year preceding the censuses of 1910 
and 1920 with the enumerated population under one 
year of age indicates that registration was most nearly 
complete in Massachusetts and New York. In these 
states, then, the decrease in birth rate from 1915 to 
1921 probably represented the true fall. Assuming 
that the average, 6.9 per cent, of the percentages of 
decrease in these two states represented approximately 
the decrease for the entire area it may be estimated 
that 2.9 per cent more births would have been registered 
in 1915 if birth registration had been as good in that 
year as in 1921. If this figure be accepted as repre- 
senting roughly the improvement in birth registration 
during this period, then the infant mortality rate of 
78.7 in 1921 should have been compared with a rate of 
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96.7 in 1915 (instead of 99.6), and the corrected de- 
crease in infant mortality would be 18.4, instead of 
20.9, per cent. 

This result indicates that only a small part of the 
fall in the infant mortality rate can be attributed to 
improvements in birth registration and that most of 
it must have been due to changes in conditions affecting 
the infants’ health. The conclusion is therefore correct 
that from 1915 to 1921 a marked decrease took place in 
the infant mortality rate in the United States birth 
registration area. 

What are the causes of infant mortality and in which 
of these causes has the decrease been greatest? Has 
the decrease taken place in cities, or in rural districts or 
in both? How do cities and rural districts compare as 
regards the reduction of infant deaths from specific 
causes? For simplicity of statement in the following 
discussion of these questions the figures for the original 
birth registration States of 1915, exclusive of Rhode 
Island, are taken as substantially accurate and the 
conclusions are stated without the qualifications neces- 
sary to make allowance for the improvement in birth 
registration. Since such an improvement affects the 
rates from all causes equally, it should be borne in mind 
that in order to arrive at a correct idea of the true 
change in the rates, all the decreases should be dimin- 
ished by 2.9 per cent—the estimated improvement 
in birth registration—and all the increases should be 
increased by the same amount. 

The changes in the mortality rates for the important 
causes of death under one year of age are given in detail 
in table 2, which shows the rates in each of the years 
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from 1915 to 1921 and the percentage changes in rates 
during that period. In 1921 a revised list of causes of 
death was used, but the changes made in the revision 
do not affect the comparability of the broad groups of 
causes nor, with one or two exceptions, do they affect 
the individual causes.® 

The mortality rate from gastric and intestinal dis- 
eases fell from 24.58 in 1915 to 16.08 in 1921, a de- 
crease of over one-third, or 34.6 per cent. This de- 
crease, it may be noted, was continuous throughout the 
period, except for a slight increase from 1915 to 1916. 
The tendency toward a progressive decline suggests 
that the decrease is due largely to a permanent improve- 
ment in health conditions rather than to unusually 
favorable summer temperatures and weather of a 
single year. 

The rate from respiratory diseases fell from 16.57 


5 The changes in 1921 affecting the causes listed in table 2 were 
as follows: Deaths from duodenal ulcer, formerly classified with 
diarrhea and enteritis, were included with diseases of the stomach 
(this change affects very few deaths under one year); deaths from 
capillary bronchitis, formerly included with acute bronchitis, were 
classified with broncho-pneumonia; deaths from the joint causes, 
influenza and lobar pneumonia, formerly classed with pneumonia, 
were included with influenza; deaths from acute miliary tuberculosis, 
formerly included under tuberculosis of the lungs (title 13 of the 
abridged list), were divided, deaths from acute miliary tuberculosis 
of lungs were included with the new title ‘‘tuberculosis of the respi- 
ratory system’ and deaths from all other types of miliary tubercu- 
losis were included with other forms of tuberculosis. Other changes 
were made, chiefly in nomenclature, such as tuberculosis of the 
meninges and central nervous system for tuberculous meningitis; 
meningococcus meningitis for cerebro-spinal fever, formerly sub- 
division 3 under meningitis, diphtheria for diphtheria and croup. 
With these exceptions the rates shown in the tables are comparable. 
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in 1915 to 11.23 in 1921, a decrease of nearly one-third, 
or 32.2 per cent. The rise of the rate in 1918 probably 
shows the effect of the influenza epidemic; since, as 
already noted, deaths ascribed jointly to lobar pneu- 
monia and influenza were at that time classified as 
pneumonia, the deaths due to these joint causes would 
be likely to increase during the influenza epidemic. 
Bronchopneumonia also showed an increase in 1918, 
probably due to the same cause. Although the general 
tendency of the rates from respiratory diseases is 
downward, it may be pointed out that, leaving the year 
1918 out of consideration, the percentage decrease 
from 1920 to 1921 was greater than that from any other 
year of the period to the next. 

The death rate from malformations shows a slight 
increase from 6.44 in 1915 to 7.08 in 1921. 

The mortality rate from causes peculiar to early 
infancy decreased from 34.385 in 1915 to 30.63 in 1921, 
a decrease of one-tenth, or 10.8 per cent. In this 
case the fall in the rate was a regular decrease from 
year to year, with the exception of 1918 when influenza 
may have increased the mortality from these causes in 
the same way that it increased the mortality of preg- 
nant women. Of the three causes which are included 
in this group, premature birth showed comparatively 
little change, though the rate of 18.21 in 1921 was lower 
than any other in the seven-year period, and deaths 
from injuries at birth showed a tendency, especially in 
1920 and in 1921, to increase. Practically all the 
decrease in the group was in deaths from congenital 
debility. ‘The death rate from this latter cause fell 
from 11.69 in 1915 to only 7.35 in 1921, a decrease of 
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37.1 per cent.6 The decrease in deaths from congenital 
debility may perhaps reflect an increased accuracy 
in the certification of cause of death, or may be attrib- 
utable to a decrease in the death rate from such causes 
as malnutrition, marasmus, wasting, weakness, and 
emaciation, which are ascribed to this rubric if they 
are given as causes of death for infants under one year 
of age. 

The mortality rate from “other communicable dis- 
eases,” a group which includes the epidemic diseases 
and tetanus, tuberculosis and syphilis, fell from 7.62 
in 1915 to 5.97 in 1921, a decrease of one-fifth, or 21.7 
per cent. As would be expected, the rates from this 
group of causes exhibit marked fluctuations from year 
to year. The high figure of 14.66 for 1918 shows the 
effect of the influenza epidemic. ‘The rates from some 
of the individual causes show characteristic trends or 
fluctuations. Measles appears to have a two-year cycle 
of fluctuation, the rate being high and low in alter- 
nate years; but the rate for 1921 was lower than that for 
any other year of the seven-year period. Scarlet fever, 
on the other hand, had in 1921 a rate higher than that 
for any other year of the period. Whooping cough, 
like measles, seems to show high and low mortality in 
alternate years, and in 1921 was responsible for a 
smaller death rate than in any year except 1919. The 

6 Further analysis of the deaths from “congenital debility” of 
the abridged list into the two groups of which it is composed, ‘‘con- 
genital debility proper” (151 (2) of the old list) and ‘‘other causes 
peculiar to early infancy”’ (152 (2) and 153 of the old list) shows that 
the reductions occurred mainly in the death rate from congenital 
debility proper. The rate from this cause fell from 8.53 in 1915 


to 4.3 in 1921, while the rate from “other causes peculiar to early 
infancy” fell only from 3.16 in 1915 to 3.06 in 1921. 
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1921 rate from diphtheria was equal to that of 1918; 
these were the lowest of the period and were one-fifth 
lower than the rate for 1915. The mortality rate from 
influenza increased from 0.62 in 1915 to 6.76 in 1918, 
and fell off slowly to 3.07 in 1919 and to 2.13 in 1920; 
in 1921 it fell to 0.56, a figure lower even than that 
for 1915. The rates from dysentery, erysipelas and 
tetanus all showed a tendency to fall. The mortality 
from tuberculosis (all forms) fell from 1.56 in 1915 to 
0.99 in 1921, a decrease of over one-third. Syphilis 
showed a decrease of nearly one-third in the period 
under review. Though not shown separately in the 
table, it may be noted that the death rate from cere- 
brospinal fever increased from 0.13 in 1915 to 0.32 in 
1917, from which it fell in 1921 to 0.16. With one or 
two exceptions, then, the mortality rates from these 
epidemic and communicable diseases decreased 
markedly during the period from 1915 to 1921. 

The death rate from external causes fell from 1.01 in 
1915 to 0.80 in 1921, a decrease of one-fifth. The 
death rate from all other causes, including the ill- 
defined and unknown, fell from 8.99 in 1915 to 6.87 in 
1921, or 23.5 per cent. Among the causes included in 
this group convulsions showed a decrease of nearly 
one-half, 48.6 per cent, and diseases of the heart a 
decrease of over one-third, 36.5 per cent. 

A comparison of the infant mortality rates in urban 
and rural areas is of special interest. The decrease 
from 1915 to 1921 in urban areas, that is, in cities of 
10,000 population and over,’ was both actually and 


7In the urban area were included cities which at the last pre- 
ceding census had at least 10,000 population. Three cities which 


INFANT MORTALITY IN THE UNITED STATES 15 


relatively greater than in rural districts—24.0 per cent 
as compared with only 15.6 per cent (table 3). Al- 
though the rate for cities was in 1915 nearly 9 points 
higher than that for rural areas, by 1921 it was 1 point 
below the rural rate. 

The comparison by cause of death shows a similarly 
greater decrease in urban than in rural areas in the 
rates from gastric and intestinal diseases. In 1915 the 
rate for the cities was slightly over 5 points, or nearly 
24.3 per cent, higher than the rate for the rural areas, 
but in 1921 the urban rate was nearly 1 point, or 5.8 
per cent, lower than the rural rate. 

Progress of infant-welfare work in the cities and 
continued progress in the efficient regulation and super- 
vision of the production, transportation, and distribu- 
tion of milk are doubtless responsible for this shift 
in the relative position of urban and rural mortality 
from gastric and intestinal diseases. This change is all 
the more noteworthy because of the handicaps which 
the cities have had to overcome in order to insure a 
pure milk supply, and also because a larger proportion 


were included in the urban area in 1915 were transferred to the rural 
in 1921 because their populations had fallen to less than 10,000 each; 
their infant mortality rates in 1915 averaged 86.2, or somewhat less 
than the average for urban districts. On the other hand, 54 cities 
which were not included in the urban area in 1915 were added in 1921, 
on account of an increase of their populations past the 10,000 mark. 
The infant mortality rate in these cities in 1921 was 77.43, or slightly 
less than the rate for the urban areas (table 3). For the areas classi- 
fied as urban both in 1915 and in 1921 the percentage of decrease was 
24.1, and for the areas classified as rural in both years it was 15.5. 
The percentage decrease for the urban areas was, therefore, actually 
somewhat greater, as compared with the rural, than the table in- 
dicates. 
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TABLE 3 


Decline in infant mortality rates, for urban and rural districts, by 
cause of death, 1915 to 1921; United States birth-registration area 
as of 1915 (exclusive of Rhode Island)* 


URBAN RURAL 

Infant mor- oe Infant mor- a3 

CAUSE OF DEATH} tality rate 8 a tality rate BR 

On on 

1915 | 1921 | .& | 1915 | 1921] 2& 

am a 

AIM CAUSESN ET ene coer ngacnes 102. 94/78.24/24.0 |94.11|79. 43]15.6 
Gastric and intestinal diseases. .| 26.57/15.73/40.8 |21.37/16.69/21.9 
Diseases of the stomach....... 1.03} 0.60/42.1 | 2.12) 1.28/39.4 
Diarrhea and enteritis........ 25.54/15. 13/40.7 |19.25]15. 41/20.0 
Respiratory diseases............ 17.70)11.50)35.1 |14.75)10.77|27.0 
Acutenbronchitisaemen naar 2.71) 1.39]/48.6 | 2.38] 1.34143.8 
Bronchopneumonia............ 11.08] 7.83)29.4 | 7.88] 6.81/13.6 
RNSUMONIA soca ce ee ee 3.91] 2.28)41.8 | 4.48] 2.62/41.7 
Maltorma tious... 1c mise eels 6.17| 6.77] 9.88) 6.87] 7.63]11.2§ 
Ham vaiittanc yee eterna 34.81/31.08}10.7 |33.63/29.83/11.3 
Premature: birthi. ssa s eee ae 18.63/18. 32} 1.7 |18.36]18.01] 1.9 
Congenital debility............} 11.75] 7.15}39.1 |11.59) 7.71/33.5 
Injuniestatibinthoacns cereecer 4.42) 5.61/26. 8§) 3.67) 4.12/12. 3§ 
Other communicable diseases....}| 8.38} 5.98/28.6 | 6.39] 5.94) 7.2 
IN GaSles eos ete ainc ste ieee 0.90} 0.48/47.1 | 0.42) 0.65/55. 18 
Scarletlevers. cance nes ee cre 0.10} 0.15)47.0§) 0.10) 0.13/29. 1§ 
Whooping cough:....-.5..-... 1.83} 1.65}10.1 | 2.10) 2.17} 3.3§ 
Diphtheria smc 0.70) 0.53/25.0 | 0.38} 0.31/18.9 
Untlwenzas wicca clr 0.40) 0.42) 4.0§} 0.97] 0.82]15.5 


* Source: Manuscript figures furnished by courtesy of the United 
States Bureau of the Census. 

t See note 5, page 9, for effect of changes in classification upon 
the comparability of the rates from the several causes in the two 
years. See also second note, table 2. 

t The percentages were calculated from rates carried to three 
places. 

§ Per cent increase. 
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TABLE 3—Concluded 


URBAN RURAL 

Py s 
Infant mor- 3. Infant mor- Sue 
CAUSE OF DEATHT tality rate he tality rate es 
oS bp 
vo wo 
8.5 Bis 
1915 | 1921 | .& | 1915 | 1921] 2S 

a a 

Other communicable diseases 

—continued 
WV SCILLCI Ve ae trast sii eaters) ace 0.22) 0.09/57.6 | 0.22) 0.20)11.3 
HUEY SITIO OLEUS ie aeees a akepentees oii os elt: 0.67| 0.49/26.6 | 0.36) 0.33] 9.2 
SECA Scent ee ee os crak 0.07| 0.04/44.6 | 0.08) 0.06/24. 1 
Tuberculosis of the respiratory 

BV SUCTI aN iene eis ees ate cos bisa 0.55] 0.29]46.4 | 0.40] 0.23/43.0 
Tuberculosis of the meninges, 

CLONE ake sl arto yee ay eae 1.03] 0.61/40.4 | 0.48] 0.37/21.8 
Other forms of tuberculosis....| 0.26] 0.21/20.5 | 0.26) 0.16/38.8 
DVDS ences ayaa s race: 1.65} 1.03/37.6 | 0.63} 0.51/18.2 

WEXLOP AI MCAUSEB x. \ 05 sho ae ore crete 0.98} 0.74/25.1 | 1.04) 0.92]11.5 
PAIGtHEL CAUSES.c.nccccc es onccs. sl 9252 6. 44/32. 4 10. 63} 7.65/28. 1 
WON VUISIONS Mes ara ine ece ss 1.25) 0.58/53.9 | 2.08) 1.21]41.7 
Diseases of the heart.......... 0.34) 0.17/48.5 | 0.50} 0.40/20.5 


OUn er etrasprr cts crs aoe es, se 7.72) 5.69|/26.3 | 8.64 6.03/30.2 


** Includes diseases ill-defined and unknown and meningitis. 


of infants probably are artificially fed in the urban 
than in the rural areas.® 


8 Studies made by the Children’s Bureau in selected rural areas 
and cities indicate a larger proportion of infants artificially fed in 
the cities. Thus, of infants surviving at the end of the third month 
the proportion artificially fed was 6.1 per cent in a rural county in 
Kansas and 9.4 per cent and 11.3 per cent in rural districts 
in two counties in Wisconsin, as compared with percentages 
of 15.5, 16.1, 19.2, 24.7, 28.8, and 30.6 in Akron, Ohio; Saginaw, 
Mich.; Waterbury, Conn.; New Bedford, Mass.; Manchester, N.H.; 
and Brockton, Mass., respectively. See Maternity and Infant 
Care in Two Rural Counties in Wisconsin, by Dr. Florence Brown 
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The mortality from respiratory diseases was higher in 
the cities than in the rural areas both in 1915 and in 
1921, although the percentage of decrease was greater 
for the cities. 

In both urban and rural areas, the mortality from 
malformations increased. ‘The rates in the cities were 
less than those in the rural] districts in both years and 
showed a somewhat smaller increase during the seven- 
year period. The death rate from injuries at birth 
likewise showed an increase in both urban and rural 
districts; in this case the increase was greater for the 
urban than for the rural areas. The mortality from 
premature birth showed little change, while that from 
congenital debility showed marked decreases in the 
areas of both types, the percentage of decrease being 
greater for the cities. 

It is interesting to note that for most of the epidemic 
and other communicable diseases, notably diphtheria, 
erysipelas, tuberculosis, and syphilis, the rates were 
higher in cities than in rural districts. On the other 
hand, whooping cough appeared to be more prevalent 
in the rural areas. 

The decreases in the infant mortality rates from the 


Sherbon and Elizabeth Moore, p. 92, U. 8. Children’s Bureau Pub- 
lication No. 46; Maternity and Infant Care in a Rural County in 
Kansas, by Elizabeth Moore, p. 42, U. 8. Children’s Bureau Publica- 
tion No. 26; Infant Mortality: Results of a Field Study in Saginaw, 
Mich., Based on Births in One Year, by Nila F. Allen, p. 21, U.S. 
Children’s Bureau Publication No. 52; Infant Mortality: Results 
of a Field Study in Waterbury, Conn., Based on Births in One Year, 
by Estelle B. Hunter, p. 182, U. 8. Children’s Bureau Publication 
No. 29; and Infant Mortality: Results of a Field Study in Brock- 
ton, Mass., Based on Births in One Year, by Mary V. Dempsey, 
p. 22, U. S. Children’s Bureau Publication No. 37. 
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several causes are reflected in decreases in the death 

rates at each of several different ages under one 

year, as shown in table 4. Of especial interest are the 

marked decrease, from 44.33 in 1915 to 40.80 in 1921, 

in the mortality rate for the first month of life and the 
TABLE 4 

Decline in infant mortality rates at different ages under 1 year, in 


urban and rural areas, 1915 to 1921; United States birth-registra- 
tion area (exclusive of Rhode Island) as of 1915* 


DEATHS PER 1,000 LIVE BIRTHS 


AGE AT DEATH Area Urban Rural 


1915 | 1921 1915 | 1921 | 1915 | 1921 


TGIEND Sa etaeh ee ae eae aan 99. 55/78. 67/102. 94/78. 24/94. 11/79. 43 


Under 1 month..................|44.33/40.80) 43.30/40. 15/45. 99/41. 96 
Winder A week... .<s.ethe ess. 30. 11/29. 32} 29. 55/29. 28/31. 03/29. 39 
Wire Sas Nc, lee lie eee eee 15.03/14. 64) 14. 68)14. 58/15. 60/14. 74 
Ga Vem G Cli ose on. sce et 4.84 4.61] 4.76) 4.57] 4.96) 4.67 
DiGaVS MUNCH aacss2 acs. 4 3.49] 3.59} 3.50} 3.73] 3.49) 3.35 

3 days, under 1 week........ 6.75) 6.48] 6.61} 6.40) 6.97) 6.63 
tigpweekwnun deCre2 taser se ers - 5.99) 5.03] 5.77) 4.78] 6.34) 5.47 

2 weeks, under 3.............. 4.56} 3.65} 4.41] 3.45) 4.80} 4.00 
3 weeks, under 1 month....... 3.67| 2.80} 3.57} 2.63] 3.83) 3.11 
iemionthwunder 2 = acne aver « 9.01] 6.53} 9.14) 6.32] 8.80} 6.90 
Zimonons sUNnderon se ee lee a OO Onl a teatal 4.801 Vc0|0.69 
3 months, under 6...............]16.80)11.59) 17.99/11. 50/14. 87/11. 76 
Grmonths under Ona). es ae 12.46] 8.30} 13.90} 8.62/10. 13) 7.73 
Oemnonths, under s..5 44.05 «- - 9.41] 6.28) 10.89) 6.76} 7.04) 5.42 


* Source: Manuscript figures furnished by courtesy of the Bureau 
of the Census. 


fact that the decrease was greater in the rural than in 
the urban areas. The urban rate of neonatal mortality 
was lower than the rural in both years. Comparing the 
urban and rural rates in 1915, it appears that the urban 
rates exceeded the rural for each age except the first 


20 INFANT MORTALITY AND ITS CAUSES 


month of life; in 1921, however, the urban rates ex- 
ceeded the rural only for the last six months of the 
first year of life.® 

Causes of the decrease in infant mortality in the 
United States birth-registration area during the period 
from 1915 to 1921 are to be found in the movement for 
the protection of the health of infants and, doubtless, in 
the movement for general public-health protection and 
sanitation. The growth within the past few years of 
public interest in infant-welfare work, in child-health 
work, and (recently) in prenatal work for expectant 
mothers has been noteworthy. The distribution of 
health-instruction pamphlets to mothers by city, state, 
and federal agencies has assumed more and more com- 
prehensive proportions. The establishment of child- 
hygiene divisions in 36 states during the period under 
review (and of 8 more in 1922) is an indication of the 
awakened interest in the problems of infant and child 
health. Other factors in this decrease, the importance 
of which should not be slighted, are the progress of 
medical science, the improvement of the technical 
training of physicians, and the increased number of 
pediatrists. The steady extension of sanitation to 
benefit larger numbers of the population and the im- 
provement of standards for milk distribution likewise 
should not be overlooked. All these factors doubtless 
played their parts in the decrease of the infant mortality 
rate by one-fifth in the short space of six years. 

® These conclusions depend in part upon assumptions relative to 
the completeness of birth registration. But it is probable that birth 
registration improved more in rural than in urban areas, and con- 


sequently that the decrease in mortality rates for urban areas is 
understated as compared with that in rates for rural areas. 
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Much, however, remains to be accomplished. Even 
the low rate of 1921 is by no means to be accepted as a 
final and satisfactory minimum. Some idea of the pos- 
sibility of further reductions in infant mortality can be 
formed by comparing the rates in the birth-registra- 


TABLE 5 
Comparative infant mortality rates, by cause of death, United States 
birth-registration area as of 1915, exclusive of Rhode Island, 
and New Zealand: 1921* 


INFANT MORTALITY 
RATES, 1921 


CAUSE OF DEATH 


U. 8. birth- 


4 Ni 

ee went | Zealand 
PRMUBEBMIROS Ary stole wie Void ces de sae ek enlsioaet we ee « 78. 67 47.82 
Gastric and intestinal diseases................. 16.08 4.13 
VSS IMAL OLY CISCASCS sit sign scree itis srecmcrelsiare se 11.23 4.80 
WiceOrmacUlOnseeyin seeicc cictictotes ue iin ine cies ecto 7.08 5.01 
AN ly MILAN CY eee tette eayaie cele ta isheteraceve tole woven ee aaierecale 30.63 26.22 
Other communicable diseases................+5- 5.97 2.21 
EU RCCEN A CAUSES omni mugen eatery Sates ae.4 0.80 0.39 
PATO GNETACR USER ase re acre ee he ria ace eee hee sie es 6.87 5.08 


* Compiled from Birth Statistics, 1921, and Report on the Vital 
Statistics of the Dominion of New Zealand for the year 1921, pp. 
1, 24-33. The deaths in New Zealand are classified according to the 
International List of Causes of Death in use during the period 1911- 
1920. For the specific causes included in each group see second note, 


table 2. 
+ As of 1915, exclusive of Rhode Island. 


tion area as established in 1915, exclusive of Rhode 
Island, with those in New Zealand, as in table 5. In 
that year the New Zealand rate from gastric and intes- 
tinal diseases was about one-fourth, from respiratory 
diseases less than half, from causes peculiar to early 
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infancy six-sevenths, and from ‘other communicable 
diseases” three-eighths of the corresponding rates in 
the United States birth-registration area. 

A further reduction in the infant mortality rate of the 
United States may be expected especially as a result of 
the work of state divisions of child hygiene and of the 
establishment of facilities providing prenatal care for 
mothers. The value of such work has been proved but 
in many cases it is still in its initial stages. The growth 
of prenatal work during the next decade and the steady 
extension of infant-welfare activities to reach larger 
and larger numbers of the babies born should be ac- 
companied by a decreasing infant mortality rate. 


CHAPTER II 


PROBLEMS IN THE Stupy OF INFANT MorTALitTy! 


The preceding chapter has discussed the growth of 
the registration area and the gradual accumulation of 
data for the determination of the infant mortality 
rate and for the study of its causes. But even if full 
data from birth and death records were available for 
the entire country, many questions of great impor- 
tance would remain unanswered unless supplementary 
information could be obtained. The official statistics 
of births and deaths throw no light, for example, upon 
the influence of type of feeding upon infant mortality. 
Economic factors are entirely ignored in such statistics, 
except in so far as the father’s occupation may perhaps 
indirectly indicate economic position. Even with re- 
gard to certain factors, such as race and nationality, for 
which information is available from birth and death 
records, the data do not permit the type of analysis 
necessary to show the true influence of the particular 
factor independent of and distinguished from the influ- 
ences of others with which it is usually associated or 
correlated. For such analysis additional data are 
needed in such form as will permit disentangling the 
complex causes which are at work. 

The studies of infant mortality made by the Federal 
Children’s Bureau, created by Act of Congress in 1912, 


1 Adapted by permission from Infant Mortality Studies of the 
Children’s Bureau, published in the Quarterly Publications of the 
American Statistical Association, Vol. XVI, pp. 30-53, June, 1918. 
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were designed to meet these needs. They were com- 
menced, indeed, at a time when no comprehensive data 
on infant mortality were available for the United States, 
since the publication of annual statistics of births and 
infant deaths for the birth registration area did not 
begin until 1915. Such figures as were at hand, which 
related to a few cities and States where birth and death 
registration were better enforced than elsewhere, indi- 
cated unnecessarily high rates. The object of these 
studies was, by grouping infants according to the con- 
trasts in conditions which surrounded them during their 
first year of life, to show the causes of differences in 
infant mortality, and by a thorough analysis of all 
these conditions to ascertain in so far as possible the 
specific influence which each condition exerted upon 
the rate. With such information in regard to the 
causes of high and low mortality, proposals for pre- 
ventive measures, it was believed, would not only be 
more effective in their appeal but would be more likely 
to accomplish worth-while results. 

In making such a study certain problems had to be 
met,—problems of obtaining the data, of preparing it 
for analysis, and of analysing it so that sound conclu- 
sions could be reached. The validity of the conclu- 
sions depends not only upon technical sufficiency of 
the methods of analysis but also upon the accuracy of 
the original information used. A brief statement of 
the principal problems involved in obtaining this in- 
formation and the methods adopted to meet them is, 
therefore, necessary to an intelligent evaluation of the 
results of analyses presented in succeeding chapters. 

Since the studies were of the intensive rather than of 
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the extensive type, they were limited to a comparatively 
few cities which could be surveyed adequately with the 
means available. They involved a thorough study of 
the factors affecting the lives of all babies born during 
certain years, between January 1, 1911 and December 
31, 1915, in these cities. Hight cities were eventually 
surveyed: Johnstown, Pa., Manchester, N. H., Sagi- 
naw, Mich., Brockton, Mass., New Bedford, Mass., 
Waterbury, Conn., Akron, Ohio, and Baltimore, Md. 
A variety of social and industrial conditions charac- 
terized these eight cities. Johnstown was devoted to 
the manufacture of iron and steel and had a large 
foreign element principally of Slavic origin. Man- 
chester and New Bedford were textile cities, one with 
a large French-Canadian and the other with a large Por- 
tuguese colony. Brockton was a shoe center; Akron’s 
principal industry was rubber manufacturing, while 
that of Waterbury was brass manufacture. Saginaw 
and Baltimore had varied industries. Baltimore was 
the only city of the group which had a considerable 
Negro population, nearly 15 per cent of the total. 
This series of inquiries did not include any farming or 
agricultural communities or even any small towns. 
For these omissions there were three reasons. In the 
first place, a survey of infant mortality in other coun- 
tries indicated that, as a rule, mortality is much higher 
under urban than under rural conditions, and the few 
figures which were available for this country indicated 
that here, too, the cities have the higher rates.2. In 


2 Of the 30 states in the birth registration area in 1923, in 9 the 
urban infant mortality rates were lower than theruralrates. Inthe 
original birth registration area, exclusive of Rhode Island, the urban 
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other words, the problem of infant mortality is most 
acute in the cities. In the second place, a study of 
mortality in different cities indicated wide variations in 
rates, while in rural areas variations were much less 
marked. The conclusion was immediately suggested 
that a study of conditions in certain cities which showed 
decided contrasts in industrial and social conditions 
and in the proportion and kinds of immigrant popula- 
tions, might help to throw light on the causes of such 
variations. To these reasons a third was added, that in 
cities the work of surveying and studying the factors 
at work could be done more inexpensively and at the 
same time more thoroughly than would be possible for 
groups of equal size in rural districts. 

The primary problem was that of how to secure the 
information. The obvious method of approach was to 
use the certificates of births and deaths, which gave at 
once names, dates, pathological causes of death as 
certified by the physician in attendance and information 
relating to many points which were important in a 
study of causes, such as sex of the infant, order of birth, 
whether single or plural birth, and age, race and 
nativity of the mother. This information was supple- 
mented by data obtained by trained field agents in 
visits to each family. The inquiries of these agents 
covered type of feeding, earnings of father and of other 
members of the family, other sources of income, 
nationality (mother tongue), employment, and mater- 


rate was below the rural, 78.1 as compared with 81.5. As pointed 
out in Chaper I, there is evidence of a tendency for the infant mor- 
tality rate to decrease more rapidly in the cities than in the country 
districts, 
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nity history of the mother, housing conditions, and other 
points. With the results obtained it thus became pos- 
sible for the first time in this country to study and 
analyze the effects of these various factors upon mortal- 
ity under one year of age.® 

The second problem arose out of the difficulties 
encountered in securing the information. In some 
cases, for example, it was impossible to locate the family 
and hence the data needed for the analysis of causes 
which had to be added by personal interviews could not 
be obtained. In other cases it was ascertained that 
infants for whom either birth or death records were 
found had not lived in the city for more than a short 
period, or that they had not been born in the city, or 
that they (or their families) had moved away from the 
city and had died elsewhere at ages under one year. 
Furthermore, during the progress of visiting the families 
in a number of cases infants were discovered who had 
been born in the city during the period selected for the 


3 As constituting a possible exception to this statement mention 
should be made of the study by the Bureau of Labor Statistics on 
Infant Mortality and its Relation to the Employment of Mothers, 
Vol. XIII of Report on Condition of Woman and Child Wage Earners 
in the United States, 61st Cong., 2nd Sess., Sen. Doc. No. 645. This 
study was in two parts, one a review of Massachusetts statistics 
which did not permit of more than unsatisfactory general correla- 
tions, and the other an inquiry into the causes of death of infants 
in Fall River, which was based upon deaths only. In this connec- 
tion should be mentioned the study of infant mortality in Fall 
River based on births during June, July, and August, 1913, which 
covered several of the factors mentioned above. Dr. Louis I. 
Dublin, Infant Mortality in Fall River, Massachusetts—a Survey of 
the Mortality among 833 Infants Born in June, July, and August, 
1913, in Quarterly Publications of the American Statistical Associa- 
tion, June, 1915, Vol. XIV, pp. 305-320. 
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study but whose births had not been registered. The 
problem was therefore raised, how should the data be 
treated so as to yield valid infant mortality rates for 
purposes of this analysis? 

These difficulties were met by adopting a policy of 
exclusions. The cases excluded, which were not numer- 
ous, were omitted on the basis of definite principles so 
framed as to secure, though not the infant mortality 
rate for the city as usually calculated, a rate typical of 
the normal infant population of the city. Considera- 
tion of the nature of an infant mortality rate for a 
locality suggests the methods which were adopted. 

An infant mortality rate is the probability of a live 
born infant’s dying before his first birthday and is 
usually expressed as the number who die out of every 
thousand born. The usual method of calculating the 
rate for any city—a method which gives an approximate 
figure only—is to compare all deaths under one year of 
age in the city during a given year with all living births 
in the city during the same period. This method is 
open to the objection that the vital records of the city 
include some deaths of infants born elsewhere and some 
of infants born during the preceding year. Such a 
method could scarcely yield satisfactory results when 
the data were subdivided according to race, nationality, 
and economic status of father, since after subdivision 
the effect of the inaccuracies inherent in the method 
would tend to be increased and would be especially 
difficult to estimate. 

Theoretically the correct method is to find, among the 
infants born in a given year, the number who died under 
one year of age. This latter method was adopted, 
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therefore, for the bureau studies. The family visits 
of the agents, which were necessary in order to obtain 
the additional information, made it possible to ascer- 
tain whether each infant born in the given year had 
survived its first birthday and thus furnished the in- 
formation necessary for calculating the rate by this 
method. 

Since to determine the infant mortality rate in any 
group it is only necessary to follow every infant in the 
group for one year after birth to ascertain whether he 
lived or died, any policy of exclusions will result in 
a satisfactory basis for the study of that group which 
fulfills the requirement that the infants who are _in- 
cluded can be followed for one year after birth. Other 
things being equal, however, the more nearly the group 
selected represents the infants who are subject to the 
influences of the conditions in the particular cities the 
more significant will be the results of the analysis from 
the point of view of these conditions. ‘The nature of 
the groups excluded, as discussed in the following 
paragraphs, sets forth the results of the policy of exclu- 
sions and throws light upon the significance of the 
final mortality rates. Five groups were excluded from 
consideration in the analysis: the infants who were 
known to have moved away from the city before the 
first birthday, those who could not be traced (nearly all 
of them probably also cases of removal), those born to 
non-resident parents, those of illegitimate birth, and 
a few for whom information was obviously inaccurate 
or incomplete. 

Infants born in families which had moved away from 
the city within a year after the birth were excluded for 
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two reasons, first because, in most cases at least, the 
record of life or death was incomplete, and secondly 
because, even if these infants could have been traced 
to their first birthdays, during the period lived outside 
the city they were no longer subject to the influences 
characteristic of the city. Hence, even if all the neces- 
sary information could have been secured, to include 
them would have tended to obscure the analysis of the 
factors associated with the city conditions. 

Most of the infants born in families which could not 
be traced doubtlessly would have been classed in the 
preceding group had complete information been avail- 
able. In these cases the addresses on the birth certifi- 
cates were no longer correct, and no information could 
be obtained either through neighbors or through the 
post office as to the whereabouts of the families. Nor 
could they be located in other parts of the city during 
the course of the survey. Although they could not in 
any case have been included because of entire lack of 
the information required for the analysis, if this infor- 
mation had been available it is safe to say that practi- 
cally all would have been excluded for reasons of the 
same type as those for the exclusion of the first group. 

Infants born to non-resident mothers were excluded 
not only because in most cases they did not live in the 
city during the whole of their first year of life, but also 
because the conditions surrounding their mothers be- 
fore their births might have differed materially from 
those surrounding mothers who lived in the city. 
Furthermore, if many of these mothers had come to 
the city to avail themselves of the city’s superior 
hospital facilities for confinement, exclusion of their 
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infants from the study was the more desirable because 
an undue proportion of them were probably subjected 
to difficult or complicated confinements,—a factor 
which would affect the mortality rate. 

Infants of illegitimate birth were excluded partly 
because in most cases the conditions surrounding them 
were not normal family conditions and partly because 
the information for such cases was especially difficult 
to secure accurately. In many ways, furthermore, 
such a group requires separate treatment in analysis. 
A thorough study of the factors surrounding illegitimate 
infants involves an entirely different emphasis from 
that of the factors surrounding infants in normal fami- 
lies. Mention may be made, for example, of the im- 
portance of emphasizing whether the infant lives with 
his mother or is separated from her, and of ascertaining 
the amount of the contributions, if any, which the 
father makes to the support of mother and child. 
The exclusion of illegitimate births, in short, made the 
study one of a homogeneous group. In such a group 
the influence of the various factors at work would be 
much more clearly revealed than in one in which their 
effects might be obscured by the additional special 
influences affecting infants born out of wedlock. 

A fifth group comprised a few cases which were 
excluded because the data obtained were unsatisfactory 
or were obviously unreliable. 

The data available for analysis related, then, to the 
legitimate infants who had been born in the cities, 
during the years selected, who had lived there until 
their first birthdays or until death, whose families could 
be located and traced, and for whom information in 
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regard to the conditions under which they had lived or 
died was obtained. Except for the points to be noted 
immediately, all infants born in the cities studied during 
the years selected who met these requirements were 
included in the analysis. 

The final difficulty remained, however, that the 
records of births and deaths which were used as a 
basis for the home visits might not be complete and, if 
not complete, that the omissions might be such as to 
constitute a biassed selection. A complete list of 
all births and deaths which fulfilled the conditions 
already set forth would offer the best basis for study 
since, if all such births and deaths were included, no 
question of possible bias through selection could arise. 
Nor would the conclusions be affected if, in using such 
a list, omissions occurred merely at random. But if, 
as might frequently happen when registration was 
made the sole basis of selection of cases, more births 
than deaths were omitted, the infant mortality rate 
would be overstated. What provision could be made 
to prevent such biassed errors? . 

Three methods of procedure were possible. The 
first was to take the registrations as they were, treating 
each death record as a birth record if the birth had 
actually occurred in the city. The second was to take 
the registered births as a starting point and accept a 
record of death only when the birth record also was 
available. The third was to supplement the registra- 
tion records by further inquiries or by a canvass. 

All three methods would give the same result if 
birth and death registration were complete, and the 
results of the three methods would differ in proportion 
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to the degree of incompleteness in the registration 
records. In determining the best method to follow, 
therefore, the character and extent of the omissions and 
the quality of the supplementary information available 
had to be taken into account. 

The first method, to accept the records as they stood, 
would give satisfactory results if the records both of 
births and of deaths were complete. But if death 
registration was more complete than birth registration, 
the method would yield a biassed or overstated infant 
mortality rate, for a case in which the birth had not 
been registered would be included only if it appeared on 
the list of deaths. In view of the doubt raised during 
the course of the studies as to the completeness of birth 
and death registration in the several cities, this method 
was not used in any study. 

The second method sought to avoid the bias of the 
first by using birth registration as the sole basis for the 
selection of cases. Since birth registration must in 
general occur prior to death registration, a selection of 
cases in which the births were registered, in conjunc- 
tion with the follow-up of each case through the visit of 
an agent, would yield a sample group of births in which 
the toll of deaths was complete and accurate. 

Three of the studies of the bureau were made by the 
second method, that is, on the basis of registered births: 
those in Manchester, Brockton, and New Bedford. 
In all three places, but perhaps especially in Brockton 
and New Bedford, where special canvasses for unregis- 
tered births are made each year, birth and death regis- 
tration are both unusually complete. Nevertheless, 
in each city a few cases were found in which the death 
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was recorded of an infant born in the city but whose 
birth was unregistered. In accordance with the prin- 
ciple mentioned above these were omitted and the study 
was based only on infants whose births were registered. 

The third method involved assuming, in the absence 
of evidence to the contrary, that both birth and death 
registration might be faulty and attempting to remedy 
the defects in the original records by supplementary 
data. These data might be secured by one or more of 
various means, for example, by neighborhood inquiries, 
by examination of church baptismal rolls, or by a 
house-to-house canvass. If the means adopted for 
supplementing the data were adequate, the third 
method would avoid the doubt attaching to the selec- 
tive feature of the second, since the final record would 
include all infants born in the city who were not com- 
prised within one of the excluded groups. 

The superiority of the third method was due to the 
fact that the omissions resulting from selection on the 
basis of birth registration might actually work out with 
a bias. Thus, in Saginaw, adequate data were avail- 
able which made it possible to use either the second or 
the third method. The mortality rate secured by the 
second method for infants of foreign-born mothers in 
the lowest income group—infants whose births were 
recorded—was only 50 per 1000, or nearly as low as the 
rate for babies of native mothers of the highest income 
class; but when the infants located during the course of 
the canvass—infants whose births had not been regis- 
tered—were added the rates were much more in accord- 
ance with those found in other cities. Evidently the 
infants of foreign-born mothers whose births had been 
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registered were not representative of the group as a 
whole but had a much more favorable mortality than 
that of infants of foreign-born mothers whose births 
had not been registered. The second method was 
perhaps satisfactory when the records were nearly 
complete, but the only satisfactory basis when many 
omissions occurred in the records was to endeavor to 
complete the list of births in order to avoid any element 
of selection. 

In two cities the choice of method was limited in 
effect by the practice of the registration offices. In 
Waterbury and in Baltimore the registrars made it a 
rule, if the death was reported of an infant whose birth 
had not been registered, to look up the case in order to 
make sure that the child had been born in the city, and, 
if so, to have the birth recorded forthwith. In these 
cities, obviously, the second method was inapplicable 
and the only way to avoid the bias of the first method 
was to supplement the data in order to make them as 
complete as possible. 

The third method, therefore, was used in all except 
the three studies mentioned above in which the second 
was followed. 

The methods of supplementing the data varied in 
the different cities and became more and more adequate 
as the studies progressed and as the need for completing 
the roll of births and deaths became more fully realized. 
Thus in Johnstown, the city first studied, the list of 
registered births was supplemented only by the list of 
baptisms and by neighborhood inquiries, especially in 
the Servian quarter of the city where the home visits of 
the agents indicated that the births had not all been 
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registered. In Saginaw the deficiency in birth regis- 
tration was early appreciated, and special efforts were 
made to add to the list by means of neighborhood in- 
quiries, examination of church baptismal records, and 
in other ways. As a result 141 infants were added to 
the total of 1,065 registered live births. In Waterbury, 
329 unregistered were added to the 2,239 registered live 
births by similar measures supplemented by a house- 
to-house canvass. In Akron a complete house-to- 
house canvass of the city was made; and the results 
were compared with the list of registered births and 
with records of baptisms; the number of unregistered 
infants found by these means formed 13.7 per cent of 
the total. In Baltimore a vigorous campaign for 
improved registration was in progress during the year 
selected for study and many names were added to the 
lists of registered births not only as a result of the 
activities of the bureau agents who were visiting the 
homes, but also through many other agencies which 
were codperating with the health department to im- 
prove registration. 

The purpose of the canvasses and other means of 
supplementing the records of births and deaths was 
not primarily, it should be emphasized, to ascertain 
the proportion of omissions in these records; it was 
rather to supplement and complete the list of those 
infants who belonged to the group to be studied, i.e., 
who had been born in the city during the selected year 
and who did not fall in any of the excluded groups. 
In other words, no effort was made to learn of infants. 
born in the city during the selected year who had 
moved away; such cases would not in any event have 
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been eligible for inclusion in the study. In addition, 
indeed, to the other reasons mentioned for the exclu- 
tion of migratory families this exclusion was justified 
because it fitted in with the plan of securing additional 
information by means of a canvass. If the group to be 
studied included only cases in which the infant was 
born during the year selected and the family was liv- 
ing in the city at the time of the canvass, it would be 
possible by means of a thorough canvass to locate all 
infants that ought to be included. 

In accordance with these methods, then, the records 
for nearly 23,000 live born infants were collected and 
tabulated. These formed the basis for the bureau’s 
studies and for the conclusions which are set forth in 
the following chapters. But in order that the validity 
of these conclusions may be judged, attention must be 
paid not only to the methods of collection of the 
original data but also to the methods of analysis to 
which such complicated materials have to be subjected 
if the various factors which together produce the general 
infant mortality rate are to be disentangled and the 
influence of each factor is to be determined. In the 
two next following chapters these methods of analysis 
and the need for them will be discussed. 


CHAPTER III 


PROVISIONAL RESULTS 


Following the methods described in the preceding 
chapter a total of 22,967 live births which fulfilled all 
the conditions of the Children’s Bureau study were 
found in the eight cities. For each of these infants in- 
formation was obtained as to the economic and social 
conditions under which he lived during the first year or 
until death. With this information it became possible 
to study the influence of many factors which were not 
included in the data available from birth and death 
records and to study them with a refinement of analy- 
sis to which the latter records do not lend themselves. 
In the present chapter the preliminary results obtained 
by a simple classification of the data are set forth, 
together with a brief statement of the reasons why a 
more detailed analysis was necessary before final con- 
clusions could be reached. 

The infant mortality rate for the entire group of 
22,967 live births was found to be 111.2. In other 
words, out of every thousand infants born alive about 
111 died under one year of age. This rate of itself is 
without significance except for purposes of comparison 
with other data. Comparing it with the average rate 
(103.3) for the cities of the birth registration area in 
1915 indicates that the infants in the selected cities 
were exposed to conditions slightly more unfavorable 
to survival than those which prevailed on the average 
in all the cities of the area. But the comparisons which 
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are of most significance are not those between the rate 
for the group as a whole and figures for any other 
group, but those between the rates for various sub- 
divisions of the total number of infants studied in each 
of which the babies were subject to some special con- 
dition. It is with these latter comparisons that the 
following analysis is concerned. 

The great majority—nearly four-fifths—of the deaths 
were classified in three principal groups of causes of 
infant mortality, causes peculiar to early infancy, 
gastric and intestinal diseases, and respiratory diseases. 
Causes peculiar to early infancy were responsible for 
nearly one-third of all the deaths, and had a rate of 
36.1; this rate was composed of 17.4 from premature 
birth, 14.9 from congenital debility, and 3.8 from in- 
juries at birth. To a large extent these causes have 
their origin in the condition and care of the mother 
during pregnancy and confinement. Gastric and in- 
testinal diseases held second place with a rate of 32.4, 
which included rates of 1.0 from diseases of the stomach 
and 31.3 from diarrhea and enteritis. ‘These deaths 
are due largely to improper feeding. Respiratory dis- 
eases ranked third with a mortality of 19.6, including 
rates of 3.0 from bronchitis, 11.6 from broncho-pneu- 
monia, and 4.9 from pneumonia. Epidemic and other 
communicable diseases caused a mortality of 7.1, of 
which whooping cough took the largest single toll with 
a rate of 2.1, though the same rate appeared for the 
miscellaneous group of ‘‘other’’ so-called epidemic dis- 
eases; the figure for tuberculosis in its various forms 
was 1.6, and that for syphilis was 1.0. Malformations 
accounted for a rate of 4.3, external causes for one of 
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0.6, other defined diseases for one of 8.7, including 
meningitis with 1.4, convulsions with 2.0, and organic 
diseases of the heart with 0.4, and ill-defined diseases 
for one of 2.5. 

So much for the facts regarding the pathological 
causes of deaths. What were the underlying causes of 
this mortality? In many cases the pathological causes 
point directly to the underlying causes. Thus mortal- 
ity from injuries at birth immediately suggests inade- 
quate or inefficient confinement care; deaths from pre- 
mature birth suggest conditions which produce or 
favor prematurity; and deaths from congenital debility, 
in so far as this cause does not appear merely because 
of poor diagnosis by the physician who signed the 
death certificate, suggest hereditary weakness, or 
lack of vitality caused either by disease transmitted 
from the parents or by inadequate care of the mother 
during her pregnancy. Deaths from diarrhea and 
enteritis, too, suggest immediately faulty feeding, lack 
of cleanliness in connection with artificial food, or fail- 
ure to have proper medical supervision over the care of 
the infant. Similarly other pathological causes might 
be traced back to more or less definite underlying 
causes. ‘These underlying causes furnish the chief 
interest in the present study since a knowledge of them 
is necessary if adequate and effective preventive 
methods are to be devised and adopted. 

A preliminary survey showed a number of factors 
each of which might apparently have a close connection 
with infant mortality. These included age of the in- 
fant; seasonal conditions; sex; factors related to the 
health and physical condition of the mother during 
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pregnancy and at confinement; factors related to fre- 
quency of births—age of mother, order of birth, interval 
since preceding birth, and interval before succeeding 
pregnancy; factors associated with birth or confine- 
ment,—including prematurity, single or plural birth, 
and type of delivery; types of feeding; racial or nation- 
ality factors; and social and economic factors including, 
in addition to housing conditions, earnings of the 
father, per capita income of the family, and employ- 
ment of the mother during pregnancy or during the 
infant’s first year of life. 

The age of the infant appeared to exert a powerful 
influence. During the first month of life the monthly 
death rate per 1,000 living at the beginning of the 
month was 44.8, but it dropped to 9.3 in the second 
month and later fell more slowly to 4.5 in the twelfth— 
less than half as high as in the second month (table 6). 

Marked variations were found in the number of 
deaths from most of the pathological causes during the 
different seasons. The mortality from gastric and 
intestinal diseases, for example, was at a maximum in 
August, when it was 13 times the minimum, which 
occurred in January. The highest mortality from 
respiratory diseases, on the other hand, was found in 
February, when it was 7 times the lowest figure, which 
occurred in August. Deaths from epidemic and other 
communicable diseases were more frequent in the late 
winter and early spring than in the late autumn and 
early winter. 

When the infants were classified according to 
month of birth, it was found that those born in August 
had the lowest and those born in June had the highest 
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rates of mortality. Since the variations in seasonal 
incidence were greater for gastric and intestinal diseases 
than for other groups of causes of death the differences 
in the mortality rates for infants born in different 
months were determined largely by the relation which 
the month of birth bore to the infant’s age when 
exposed, during the summer following the birth, to the 
heaviest incidence of these diseases. 


TABLE 6 
Mortality rates by age of infants 


MONTHLY ANNUAL 
MONTH OF LIFE MORTALITY SACS SUE SE 
RATES RATES 
Dy Wass Cege ee aleg rceeeemeee ter Sect ett, Geet a te ar eek 44.8 538 
SECONGS: vatsoee ee ee ee eee 9.3 112 
PIS GRE rans cea oe aor g mitre cite Rae eee 8.1 97 
Rourtheyic acini cee eee 8.0 96 
DUE ere ce ees ee ome ee renee eet rs FEC 92 
Sixties cers eee el rae ete ees 7.4 89 
Deventhvewe ss. cote one ene ae 6.3 76 
Mieht hot cn wk a son tice ae ee eee 5.8 70 
ING ab OSes concen bie een ae eee ee a aad 68 
Memb bey stera aise panto oar ae er eee oS 64 
Bleventhince rien cue coi eee ee ee eae 3.9 47 
welt th Aers.ai 2) cs 6 Sansa meter ee ean ete ae 4.5 54 


* Tf rates for each month had continued for twelve months. 


A sex classification showed that the mortality among 
the boy babies was about one-fourth higher than that 
among the girls, 123.0 as compared with 99.1. And 
this excess mortality among the boys was found for 
nearly every cause of death. 

Perhaps first in importance of the underlying causes 
of these infant deaths, though not one concerning which 
sufficient data could be obtained, was lack of health and 
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physical vitality in the mother during pregnancy and 
at confinement. The information on these subjects in 
the present studies was limited to comparatively few 
points; and on only one of these points, the correlation 
between the mother’s death within one year after the 
birth and the infant’s survival or death at the first 
birthday, was information obtained for all eight cities. 
But for one city, Baltimore, data were available on 
three additional points, the relation of infant mortality 
to tuberculosis of the mother, to convulsions appearing 
as a symptom during the mother’s pregnancy, and to 
medical prenatal care. 

Infants whose mothers died within one year following 
the confinement appeared to be subject to a consider- 
able handicap, for their mortality rate, 450.0 per 1,000, 
was over 4 times as high as that for other infants, 109.2. 
In those cases in which the mother died within one 
month after confinement the mortality was even higher. 
Six in every ten of these babies died before the end of 
the first year.! 

Infants whose mothers were known to have had tu- 
berculosis had a mortality (271) two and one-half times 
as high as that (102) among other infants. 

Over one-third of the 42 babies born to mothers who 
were reported to have had convulsions as a complica- 
tion of pregnancy died during the first year of life. 

The infant mortality rate of infants whose mothers 
were reported to have had medical prenatal care— 
consisting either of one or more visits or consultations 
with a physician, or of one or more urinalyses, or both, a 
very modest minimum requirement—was decidedly 


1JTn this connection, see Appendix, p. 180. 
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lower, 93.8, than that of those whose mothers had 
had no prenatal care, 113.3. 

A second group of factors in infant mortality, and 
one upon which the present material throws more 
light, comprises those which together make up the 
influence associated with frequency of births, that is, 
age of mother, order of birth, interval since preceding 
birth, and interval before succeeding pregnancy. 


TABLE 7 


Infant mortality rates, by age of mother 


AGE OF MOTHER MORTALITY 

RATES 
UO ballitwse avs ce nertactawie cua tee erase seactheieye iomeera ns See 111.2 
Wnderal S: Vears at croc oesaeieva cia tens ae erm cress eines: teres oe 160.3 
PS HGOPLO VOALG! cyars que ate eee ve ae ese ete ahaa emetevatecotetovetetel see 128.9 
DOGO VOATA saves vtec owrriesora ties eerie ls ieee Sines tere ce wwie tee 109.5 
D5 O29) VORUB: ssa isigog seca cat eas Merereieiser meet tee ele cere 101.4 
Oa Rofies YMA ds Faerareeistitg Crarcerotead nae or Coin Noo ORAS Mk 104.7 
35; GOGO. VEATB ice citerees av eieiole eters nicer ence ey ere eT ea 126.5 
AN\O AS VORTSs.2.ccad vn cee oa reenter toiietelemeserers eee ener 131.3 


AScvyeaTspand (Overs... eee eee RE eee ee (250.0) * 


* Based on only 44 cases. 


The age of the mother at the time of the baby’s 
birth appeared to exert an important influence upon 
infant mortality, which was much higher for the 
youngest and also for the oldest mothers than for those 
of intermediate ages (table 7). The death rate for 
infants whose mothers were under 18 years of age was 
160.3; for those whose mothers were between 25 and 
29 the rate reached its lowest point, 101.4; and for 
those whose mothers were between 40 and 45 it was 
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131.3, while for the small group over 45 years of age a 
very high rate, 250, was indicated.? 

Order of birth also appeared to have a marked influ- 
ence upon infant mortality. According to table 8, 
the rate for first babies was slightly higher than that for 
second, 104.6 as compared with 95.7; after the second 
child the rate rose gradually with increasing orders 
of birth until it reached 181.5 for the group tenth and 


later.’ 
TABLE 8 


Infant mortality rates, by order of birth 


INFANT 
ORDER OF BIRTH MORTALITY 

RATES 
PIR VL Ul Meany mena ieee eat Pare, as rales ae ie Fete ali ee anlar Sts bets Bia Ti? 
EUS Lente eee A tedae cle oe aegcs Mar ete ciere Mast Woe ha cle BURG 104.6 
SHOT |, Soo eck pty ces a ee DRED Tenn on: CRO aE 95.7 
TUSTIN, 6's Got CO ROG Ee Oe BIE CE GTE DRC Seren 104.6 
PRLS ETE:L arr aarINNe S site a5 Saye Git, Sis acetate eter sucll orate aistaleia.s 108.8 
ESKit De Er arin tan he era cidtn ered alle eden’ 118.8 
ks Le ee Ne Pee TTS tctcuun ee ccaii eevee a iereiwlee en's 12280 
SE V.OILU Nee IP eer ets ens Dia tice cle Biss lnc elere es 136.8 
TDN eee pip ortoiad. 5 ODD Goes Doan ea emi ramets. 135.9 
DURES ie pein BENS Ay RRP AOE a err CR 146.8 
Blea ete an ela tera yatta to ieer este he sce eee aero cra es 181.5 


The interval since the preceding birth appeared to 
exert an influence upon mortality when it was relatively 
short, that is less than one or two years. Interval was 
measured by comparing the mother’s age at the time 
of the scheduled birth with her age at the time of the 
preceding birth; when the difference between these ages, 
expressed in even years, was one year the rate of infant 


2 For further analysis of this factor, see below, pp. 69 and ff. 
3 For further discussion of this factor, see below, pp. 65 and ff. 
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mortality was 146.7, as compared with only 98.6 
when the difference was two years and with 86.5 and 
84.9 when the difference was three years and four or 
more years (table 9). Lack of proper spacing of 
births thus appears to affect unfavorably the infant 
death rate. 

A short interval before a succeeding pregnancy like- 
wise appeared to exert an influence upon infant mor- 
TABLE 9 
Infant mortality rates, by interval since preceding birth* 

Based on births in Baltimore 


INFANT 
INTERVAL SINCE PRECEDING BIRTH* MORTALITY 

RATES 
ARO tall vaste .a Seine Cee enti Core EIA mas eee 103.5 
TSG Sect ea Sitoees osetia te OR eret eneve isle Sian aR ohare ae 94.8 
Second and later births aieaccesey ee eee ne ae 106.6 
Tmiberva ll by ein ten.te cate ccccrccentan sins aereiet omnes ere meaner 146.7 
Pre r Val’ DIS ATS oss aicwhesseee een clear cet ae as HN 98.6 
Interval SiybaTsse. pact etc ccc ee arte ene eaten 86.5 
[Interval 4-years and«overssaesacaeeetieticenn eee aier 84.9 


* As measured by the difference in even years between the 
mother’s age at the time of birth of the scheduled child and her age 
at the time of the preceding birth. 


tality, although in this case only a comparatively 
small proportion of all the infants were subjected to 
such a condition. ‘The information on this point was 
limited to a single city, Baltimore. In about 11 per 
cent of the total number of cases of live births the 
mother became pregnant during the infant’s life and 
before he had passed his first birthday. But only 
4.7 per cent of the total number of months lived by all 
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infants during the first year were lived after their 
mothers had become pregnant. The possible contribu- 
tion of this factor to the general mortality rate, there- 
fore, was comparatively slight. Nevertheless, among 
these infants nearly three times as many deaths oc- 
curred as would have been expected at the average 
rates for all infants at the same ages, 75 instead of 27 
deaths. 

Factors associated with the birth or confinement 
which may be considered as underlying causes of infant 
mortality included prematurity, single or plural birth, 
and type of delivery. 

The babies who were prematurely born had a mor- 
tality rate six times as high as that of the babies who 
were born at term. Almost half these babies died 
during their first month. 

Twins and triplets also were subject to a very high 
mortality, for the death rate among them, 363 per 1,000, 
was nearly three and one-half times that among single- 
born infants. 

Infants whose mothers were delivered by means of 
instruments had a mortality rate of 120.3, consider- 
ably higher than the rate for other infants, 102.1. 
As perhaps would be expected, the higher mortality was 
confined almost wholly to the causes included under the 
term “injuries at birth.” 

A more important, because more common, underlying 
cause of infant deaths was found in the character of 
food given to babies. The mortality among the arti- 
ficially fed was between three and four times as high as 
that among the breast fed infants.‘ 


‘For detailed discussion see Chapter V. 
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Marked variations were found in the mortality rates 
for the various nationalities (table 10). The babies of 
Jewish mothers had the lowest rate, 53.5, while those of 
Portuguese mothers had the highest, 200.3. The 
rate for colored was nearly one and one-half times that 
for white. The rate for babies of native white mothers, 
93.8, was considerably less than that for babies of 
foreign-born mothers, 127.0.° 


TABLE 10 
Infant mortality rates, by color and nationality of mother 


INFANT 

COLOR AND NATIONALITY OF MOTHER MORTALITY 
RATES 
TG tialee sora oss clas cic otanN ore te eae CSc ene I robes centavos 1 
NIG Gn Ve Saree ae Se ied one dibn  PaE aE neler Fry ae ROR nati stcl Ste 108.3 
DRIER ASHER eM ODE ROES Cay EEnee CHARGE Grom Bee OGG BES miss ome 93.8 
HOreleD: DOLD sar cera heer eek ae een rete eae ects: 127.0 
GA TEATUS. hice ie, pent Sree rears leriris eh eere ee ieee 103.8 
OWLS shave cers choos ic Per Re comewie even ere Oca eon nearer 53.5 
Hrench=Canadiany. a. er ee ee eco ate 7A 
(GEL 5 carne cern ee eee ee OEE 103.1 
1 210) bY:) sR NC REET SOG o Ans RODS Sb Bttc etomoGs 157.2 
IPOFtU BUEEO tas, ceatate eect Ear etcetC ane omer cna 200.3 
Others cso ross oo he ee ee eee 129.6 
(BON Koy Lolo erate By Geet SAI Pej es ns OS pan aos abe holds aes 154.4 


Marked differences were found also in the mortality 
among infants living in different degrees of housing 
congestion. According to table 11, the rate was 
highest, 185.7, for infants born in families which lived 
two or more persons per room, and lowest for infants 
born in families which lived less than one person to a 
room. 


5 For detailed discussion see Chapter VI. 
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Infants whose mothers were employed away from 
home during pregnancy had a mortality rate, 176.1, 
very much higher than the rates either for infants 
whose mothers were employed at home, 114.6, or for 


TABLE 11 
Infant death rates, by average number of persons per room 
Infants in seven cities who survived two weeks * 


INFANT 
AVERAGE NUMBER OF PERSONS PER ROOM MORTALITY 
RATES 
TRCOUTEEI AS 5 ste ae Aa ani ei AG ese Ri A Oe RP (ond 
1 OPSSISL OE OY BRA eg ee ean RE 52.1 
TL, SASS) (ETE og ee 4 94.9. 
24, EAIXG |: SRST ee bs ee a ene Ae Oy ce OR ea IB YSS..70 


* Excluding a small number of infants (Baltimore) who did not 
live two weeks in dwelling of residence. 


TABLE 12 
Infant mortality rates, by employment of mother during pregnancy 
Live births in eight cities 


INFANT 

EMPLOYMENT OF MOTHER DURING PREGNANCY MORTALITY 
RATES 
“APO ak Sis 5 Ao RSA APR cal ent GRA eT NICER en Re Pte 
Bmployed: away trom NOmMe) oss oe cree ead 0:1 2\sle os oyelole fe 6 176.1 
Binaployedvat OMe. epee ccc <1 osc tne cee es ener ras = 114.6 
RIG UROUUDLOV CU ata tins ate wir eriioisraters tee, s ais eeiert ier ene oe 98.0 


those whose mothers were not employed at all, 98.0 
(table 12). 

Babies whose mothers were employed away from 
home during their first year of life—a group which 
comprised 7.6 per cent of the total number of infants— 
appeared to have a mortality two and one-half times as 
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high as the average prevailing at the ages which they 
had reached when their mothers were at work. On the 
other hand, infants whose mothers worked at home 
appeared to experience about average mortality. 

An analysis by father’s earnings indicated that the 
higher the father’s earnings the lower was the infant 
mortality. Infants whose fathers earned less than 
$450 had a death rate of 166.9 (table 13), as compared 


TABLE 13 
Infant mortality rates, by earnings of father 
Live births in seven cities 


INFANT 


EARNINGS OF FATHER MORTALITY 

RATES 
WN gtalea este 5 co srestehetian ol catctarede tatters eats ah eroat tee nue 110.0 
eds: than: $450..ccantdiere oc carves dmerecirn sine ote sparets 166.9 
PADOLFOLGD DOs. usc ca.c is wustehoore ovaresctae tele tie otemeveie cheiare wieisis ele oie 125.6 
PSH UO BODO 2 erexsie lets oletcua wrsvsretarecete ebetewsicteterer mer terterae evernevoners 116.6 
TOSOSEOL GSD Okra archaea ck eect ear ree OSA aCe eter ree 107.5 
Soa Dei d mtb) Urata ware Genta nhieu Sik nw tiodS aco baboon Coc 82.8 
SILOSO torple 250. sa. corte eh eee ee aie err tere 64.0 
DL; 250! BN AsO VELA cr nsccatded shale teeter Me Aen Chet 59.1 
INOFE ATI GS co ec Gia eatcnay pecan een eee iw eee eer ea ee aes 210.9 


with a rate of only 59.1 for infants whose fathers earned 
$1,250 or over. The rate for the babies whose fathers 
were reported to have had no earnings during the year 
following the births was highest of all, 210.9.° 

When the figures were analyzed according to per 
capita income from father’s earnings in table 14, the 
same striking relationship was shown between high 
rates and low income and comparatively low rates and 


6 For detailed discussion see Chapter VII. 
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high income. In families in which the per capita in- 
come from father’s earnings was less than $50 the 
infant mortality rate was 215.9, as compared with a 
rate of only 60.5 in families in which this per capita 
amount averaged $400 or over. 

These findings must be considered, however, simply 
as the preliminary conclusions to which the figures 
point when each factor is considered without reference 

TABLE 14 


Infant mortality rates, by per capita income as measured by average 
earnings of father per capita of household 


Live births in seven cities 


F INFANT 
PER CAPITA INCOME FROM FATHER S BARNINGS MORTALITY 

P RATES 

TROUT ao Stn ot Clcker eR ELE IST AE ORE Toto aa aS 110.0 

COMMUTE DD Orc hs aaa Leer ost) ci Act Rea ators ees 215.9 

SEND) 1) ECU os coercae eee Boe MG ie can eee 141.8 

LOOKERS 200 erernreter sr beporcrcvsiefs ccc erate crates eats aia lcrareie'a.e4 ore 12322 

AMEE ORGAN eae ayers Soave iyit a lataraie declares prorisieracsieGiacere 96.1 

SAO PATIO UCT erm erate cle tacere.otisth hori sinieinc ate 408 60.5 
Not classified: 

Fathers’ earnings $1,250 and over.................-- 59.1 

NOB st herswearningss, saseeri ec ser aires sisanialtsise +3 210.9 

Barina sm Ob Te DOLLOU ae ctoetien eli caine eters 139.7 


to other factors. Before a final conclusion can be 
drawn as to the real influence which any of these 
factors exerted, the material must be subjected to 
further analysis. An illustration or two will make this 
point clear and will show the type of analysis which is 
required. 

In regard to the high mortality found among the 
prematurely born, for example, analysis indicates that 
a much larger proportion of these babies than of 
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those born at term were twins and triplets. But the 
death rate for all the twins and triplets was also unusu- 
ally high. The questions are thus raised, was the high 
mortality among the prematurely born due to the high 
mortality among the twins and triplets, or was the 
latter due to the former, or what influence had each 
upon the other? These questions are not difficult to 
answer, at least in general terms. On the one hand, 
the relatively high mortality among the prematurely 
born, as compared with that among full-term infants, 
was shown to be independent of the high mortality 
among the twins and triplets by the fact that the 
mortality among the premature single infants was 
much greater than that among the full-term single 
infants. And the relatively high mortality among 
the twins and triplets, as compared with that among 
the single born infants, was shown to be independent 
of the high mortality among the prematurely born by 
the fact that the mortality among the full-term twins 
and triplets was much greater than that among the 
full-term single-born infants. 

But the further question may be raised whether 
the relatively high mortality among the premature 
infants was not due in part to the fact that a larger 
proportion of them than of other infants were artifici- 
ally fed. And also, did the fact that a somewhat larger 
than average proportion of premature babies were 
boys exert an appreciable influence over their high 
mortality? These are questions which must be con- 
sidered before we can determine finally what was the 
influence of prematurity, as distinguished from that of 
the various other factors associated with it. 

Anticipating at this point the results of the analysis, it 
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may be stated that even after allowance was made for 
the undue proportion of twins and triplets among the 
prematurely born, they had a mortality which averaged 
5.13 times that for the full term infants, as compared 
with 6.14 times before such correction was made. And 
so far as the undue proportion of males was concerned 
correction for this factor produced only a negligible 
change in the ratio, from 6.14 to 6.10. But when 
allowance was made for the influence of type of feeding, 
by comparing the rates for the premature and the full 
term babies among the breast fed, the partly breast 
fed, and the artificially fed respectively, the mortality 
among the premature appeared to be only 4.3 times as 
high as that. among the full-term infants. In this 
comparison, however, a considerable number of infants 
_ were left out of account because they died before they 
were fed. The mortality among the premature during 
the first few days after birth was 31 times as high as 
that among the full-term infants; and when the babies 
who were fed and those who were not fed were com- 
bined, the average mortality among the premature 
appeared to be slightly over 8 times as high as that 
among the full-term infants. Without laying too 
much emphasis upon the exact ratios between the rates 
for the two groups, it is plain that prematurity is 
associated with definitely adverse conditions which are 
not to be explained by its correlation with plural births, 
with sex, or with a greater prevalence of artificial 
feeding. It is also clear that this type of analysis is 
capable of showing how important or how unimpor- 
tant are such correlated factors in producing the influ- 
ence which might be ascribed solely to a particular 
factor such as prematurity. 
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The more complex the social causes to be considered 
the more difficult, of course, becomes such an analysis. 
The question of the effect upon infant mortality of the 
employment of the mother in the year following the 
birth of the infant offers an example. Among the 
1,742 infants whose mothers were gainfully employed 
away from home in the eight cities 168 deaths occurred 
after the mothers’ resumption of work. If the rates for 
all babies of the same ages had prevailed for these 
infants from the time the mothers resumed work until 
the end of the first year of life, only 68 deaths would 
have resulted. In otherwords, the mortality among the 
babies whose mothers were gainfully employed during 
their first year was over twice the average rate. 

Was this excess mortality due to the necessity for 
artificial feeding? Was it due to any preponderance in 
this group of infants of colored mothers or of infants in 
the low income groups? Does the increased care made 
possible by the added income of the gainfully employed 
mothers offset the decreased care resulting from her 
absence at work? 

The analysis indicated that a slight preponderance of 
colored and a considerable preponderance of infants in 
the low income groups accounted for part of the high 
mortality among the babies whose mothers were em- 
ployed. But even after allowance was made for both 
these factors their mortality was found to be 1.4 times 
the average.’ A considerable part, but not all, of 


7 Since in this analysis the income from the fathers’ earnings 
only is used, the benefit, if any, from the increased income from the 
employment of the mother is reckoned to the extra credit of the 
infants of the employed mothers: the excess mortality among them 
as stated was, therefore, found in spite of such credits. 


PROVISIONAL RESULTS 55 


this excess was accounted for by the high proportion 
of cases in which artificial food was given; but the 
tendency to artificial feeding was doubtless itself caus- 
ally connected with the mothers’ absence from home 
on account of work. The evidence suggests, there- 
fore, that the babies suffered from the mothers’ 
absence on account of work in other ways than by 
losing the benefits of being breast fed. 

These problems clearly point to the need for a method 
of analysis which disentangles the various causes. 
This subject is treated more at length in the next chap- 
ter, which is devoted to an exposition of the ‘‘Method 
of Expected Deaths’ for disentangling interrelated 
causes developed by the distinguished Danish statisti- 
cian, Professor Harald Westergaard. In that chap- 
ter the discussion is illustrated by an example in which 
the method is applied to the analysis of a group of 
closely interrelated factors—mother’s age, order of 
birth, and interval between births. In the later 
chapters, also, the method is used to isolate the influ- 
ence of each of several factors. 

It may clarify the later discussion, however, if at 
this point the conditions are briefly stated under which 
it is necessary to consider eliminating the influence of 
one or more disturbing factors. For example, is it 
necessary to correct the conclusion that the mortality 
among male infants is greater than that among female 
infants for possible disturbing influences of prematurity, 
of economic conditions, or of, say, variations in atmos- 
pheric pressure? A correction is necessary provided 
that two conditions are both fulfilled: (1) that the sug- 
gested element is a factor—i.e., that it produces an 
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effect upon the infant mortality rate—and (2) that it 
has a disturbing influence upon or is correlated with 
the factor under consideration. The correction is the 
more necessary the greater is the effect of the particu- 
lar factor upon mortality and the more closely it is 
correlated with the factor under consideration. In the 
example given above, there is no evidence that ordinary 
variation in atmospheric pressure is a “factor” in 
infant mortality nor is there any evidence that it 
is correlated with the sex of the infant: it may, there- 
fore, be dismissed. Economic conditions have been 
shown above to be prima facie a factor in infant mortal- 
ity, but the evidence does not show that there is any 
greater excess of boys in poor than in rich or comfort- 
ably well-off families or that the proportion of the sexes 
varies with economic conditions; this factor may like- 
wise, therefore, be dismissed. On the other hand, the 
third element, prematurity, is not only definitely a 
factor in infant mortality, but evidence shows that a 
slightly larger proportion of males than of females are 
prematurely born. In this case, therefore, both con- 
ditions are present which require a correction of the 
preliminary conclusions as to the relative mortality 
among male and female infants. 

The method of expected deaths for disentangling 
interrelated causes shows whether such a correlation 
exerts a marked or only a slight influence; in passing 
it may be remarked that in the case under discussion 
the analysis indicates that the influence of this correla- 
tion of sex with prematurity affected only very slightly 
the relative mortality among males and females. 

Before passing to the more detailed consideration 
of the method of expected deaths to which the next 
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chapter is devoted, another problem of considerable 
importance may be briefly discussed, namely, the prob- 
lem of determining how many cases suffice to establish 
a conclusion. In the example cited above, is the fact 
that 168 deaths occurred, instead of the 68 which would 
have been expected, among the 1,742 infants whose 
mothers were employed away from home during their 
first year of life a sufficient basis for concluding that the 
employment of the mother exercises an adverse influ- 
ence over infant mortality? 

The problem may be stated in slightly different 
words: Is the result due to some significant cause or 
causes or is it to be explained merely as a chance com- 
bination of insignificant or unimportant causes? If 
it can be shown not to be explicable on the ground of 
“chance combination of individually unimportant 
causes” a long step has been taken toward establishing 
the true causal connection, though the cause alleged 
may or may not prove after analysis to be the important 
causal factor that it appears. The procedure is simply 
to calculate the probability or improbability of the 
result occurring by chance. The proposition might 
be put as follows: If a very large number of black and 
white balls are mixed so that out of every 1,742 balls 
68 will be black and if, then, 1,742 balls are drawn at 
random, the most probable number of black balls will 
be 68. How frequently would the number of black 
balls be as many as 168? It can be shown mathemati- 
cally that such a result is extremely improbable— 
that it would occur probably but a few times in mil- 
lions of drawings. One may conclude, therefore, re- 
verting to the problem under discussion, that some 
significant causes were acting to increase the mortality 
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of the infants whose mothers were employed away 
from home and that there is a causal connection of 
some kind between infant mortality and mother’s 
employment. 

The problem is more complicated when it is desired to 
test the probability that the combined result shown in 
several groups simultaneously might be due to chance. 
For example, what is the chance that the trend of the 
figures in table 13, showing the relation between infant 
mortality and fathers’ earnings, might be produced 
by a fortuitous combination of individually insignifi- 
cant causes? For the single group, less than $450, 
the chance that the rate of 166.9 would occur as a 
chance variation from the general average rate of 
110.0 is, according to the mathematical formula of 
chance, extremely remote; the number of deaths in the 
group was 515, as compared with 339 expected at the 
average rate, and the probability of so considerable a 
deviation occurring by chance is but a few times in 
millions of cases. But the evidence in this case in not 
confined to the single group. Each group the rate for 
which falls in with the trend line contributes to the 
weight of the evidence that no mere chance elements 
could produce this result. Indeed, when such a 
series of rates is based upon a reasonably large number 
of cases, the common sense acceptance of the correla- 
tion as due to significant rather than purely chance 
causes is likely to be borne out by the abstruse mathe- 
matical calculations necessary to establish the exact 
probabilities. And, in general, the calculation of such 
probabilities is likely to be misleading rather than help- 
ful, since it tends to divert attention from the need for 
interpreting correlation in terms of real causes. 


CHAPTER IV 


DISENTANGLING THE CAUSES! 


In a method of analyzing data, such as those of infant 
mortality, in which many and varied causes are at 
work to produce the given results, a prime requisite, 
as already noted, is that it shall permit of separating 
out and determining the influence of each factor when 
other conditions or factors are held constant. This 
requisite is possessed by Professor Westergaard’s 
method of expected deaths used in conjunction with 
multiple classification. The purpose of this chapter is 
both to present the mode of applying that method to 
infant mortality data, and to give certain results of 
applying it to the data gathered by the United States 
Children’s Bureau. It may be remarked in passing 
that the method, which is used also in later chapters, 
may be applied as effectively to many other problems. 

In relation to each factor in infant mortality three 
questions are always pertinent—the questions of 
causal influence, of prevalence, and of the contribution 
which the factor makes through both its prevalence 
and its causal influence to the general result. Thus, 
with respect to single and plural births, the first ques- 
tion is whether twins and triplets have a greater mor- 
tality than single births; the second, what proportion 


1 Adapted by permission from an article entitled Westergaard’s 
Method of Expected Deaths as Applied to the Study of Infant 
Mortality, published in the Quarterly Publications of the American 
Statistical Association, Vol. XVIII, pp. 366-376, September, 1922. 
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of the total births are plural; and the third, do twins 
and triplets contribute a large quota to the infant 
deaths? The answer to the last question obviously 
depends upon the answers to the other two. The 
first and third questions are often confused, as in the 
inquiry: Is the mother’s employment an important 
factor in infant mortality? This is capable of two 
interpretations, one—of greater importance in an 
analysis of causes—relating to relative mortality, Le., 
whether infants whose mothers are employed are sub- 
ject to a higher rate of mortality than infants whose 
mothers are not employed, and the other relating to 
the amount of contribution to the total mortality, ie., 
whether any excess mortality among infants of em- 
ployed mothers in connection with a large or small 
prevalence of mothers’ employment results in an im- 
portant contribution to infant mortality. This ques- 
tion is of secondary importance since the contribution 
is the resultant of two primary elements. The method 
of analysis should distinguish between these primary 
and secondary elements in the problem. In other 
words it should distinguish between ‘“‘causal’” factors 
and “prevalence” factors. The present analysis is 
concerned primarily with the “causal” factors. 

The first recourse in analysis is usually to that uni- 
versally applicable method, simple classification, which 
has been used in the preceding chapter. If births and 
deaths are classified each by the same factors, such as 
earnings of father or nationality of mother, the rates of 
mortality indicate whether the factors used in the classi- 
fication can be considered as having prima facie an 
influence upon infant mortality. But the results of 
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this form of classification, as suggested in the preceding 
chapter, must be regarded as tentative and subject to 
modification in case the factor under consideration is 
correlated with other factors. 

The obvious next step in analysis is to include the 
correlated factors in the classification, which may then 
be termed “multiple classification.” If two factors, 
such as earnings of father and nationality of mother, 
are found to be correlated,—that is, if certain nationali- 
ties have a much larger proportion of infants in families 
the fathers of which earned relatively low amounts,— 
the births and the deaths must be subclassified; the 
rates by earnings of father in each nationality group 
indicate whether earnings of father can be considered 
a factor independent of nationality, and the rates by 
nationality of mother in each earnings group indicate 
whether nationality of mother can be considered a fac- 
tor independent of earnings. Evidently by this mode 
of comparison the effect of one factor upon the rate 
can be studied by the simple device of studying its 
influence in a group within which another factor does 
not vary. 

Multiple classification, if carried far enough, pos- 
sesses the essential requirements for isolating the effect 
of a single factor.2, But as more and more classifica- 


2In mathematical terms, assuming that all causal factors can 
be expressed numerically, the infant mortality rate, X;, can be 
stated in terms of its several independent causal factors: X1 = 
f(X2, Xs, Xe. . . . Xn) where X2, X3, etc., are the independent 
causal factors. The partial derivative of X1 with respect to any 


one factor, for example, ass measures the change in X; due to the 


5X 
change in X2; in other words, measures the influence of X, 
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tions are introduced, on the one hand the results be- 
come increasingly difficult for the mind to grasp, and on 
the other, the material becomes more and more sub- 
divided until, finally, the base becomes too small to 
ensure valid conclusions. To avoid the first of these 
difficulties, recourse may be had to the familiar process 
of selection of data. For example, the influence of 
varying prevalence of plural births may be eliminated 
by confining the analysis to single births, and the influ- 
ence of differences in types of feeding may be eliminated 
by further omitting all except breast-fed infants. But 
to obviate the difficulty that the numbers in the final 
group may not be large enough to ensure valid results, 
a method of summation must be employed. 

To avoid these difficulties in the use of the method of 
multiple classification recourse may be had to the 
method of expected deaths developed by Professor 
Harald Westergaard.* This method, in fact, offers 
a simple and easily applicable way of isolating the 
influence of a single factor from that of other associated 
factors, and of stating the results in clear and definite 
terms. 

Because the wide applicability of the Westergaard 
method seems not to be generally appreciated in this 


upon X, when all other variables are considered constant. Geo- 
metrically, this partial derivative is the slope of Xi measured along 
the axis of Xz. In a classification table, for example, table 19, 
values of X, are given for different values of 42, with other factors, 
so far as they are included in the classification table, constant. 

3 Die Lehre von der Mortalitaéit und der Morbilitaét: Anthropolo- 
gisch Statistische Untersuchungen. Jena. GQ. Fischer, 1882, pp. 28- 
30; and ‘‘Scope and Method of Statistics,’? Quarterly Publications 
of the American Statistical Association, Vol. XV, No. 115, Sep- 
tember, 1916, pp. 260-64. 
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country, it will be described briefly before returning 
to the subject of its application to a specific infant 
mortality problem. Though designated as the 
“method of expected deaths” on account of its first 
application to mortality data, it is not restricted in its 
application to these problems but can be applied to 
a great many other fields, and in these fields it might 
be termed the method of “expected cases,’’ or, gener- 
ally, “‘expected results.”” The essence of the method 
lies in so calculating the expected numbers that a 
comparison between them and the actual numbers 
will be free from the disturbing influence of one, two, 
or several factors. By this means the effect of a single 
cause is isolated from the influence of other causes. 
The best known, as well as the earliest, applications 
of the method were to the problems of eliminating 
variations in age and sex composition in comparisons of 
mortality rates in urban and rural populations and of 
eliminating variations in age composition in compari- 
sons of occupational mortality.‘ Since, in these appli- 


4The method of standardizing or correcting death rates for dif- 
ferences in age composition was clearly set forth in the introductory 
chapter of Die Lehre von der Mortalitét, pp. 28-30. In England, in 
the Registrar-General’s Report for 1882, this method of correcting 
for varying age composition in comparisons of urban and rural dis- 
tricts was used. (Forty-fifth Annual Report of the Registrar- 
General of Births, Marriages, and Deaths in England, Abstracts of 
1882, C-4009 London, 1884.) The use of corrected death rates for 
Hamburg by Koch in 1883 is mentioned by Von Mayr, Statistik und 
Gesellschaftslehre, Vol. II, p. 219. Westergaard himself mentions 
the use of the method of expected deaths by Ratcliffe, in a first 
report, Observations on the Rate of Mortality and Sickness amongst 
Friendly Societies, Manchester, 1850, quoted in Die Lehre von der 
Mortalitaét, p. 287. 
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cations, identical or ‘‘standard” rates were applied to 
varying populations, or varying rates to identical or 
“standard” populations, the method is perhaps better 
known to English and American statisticians as the 
method of standards. But there is this difference: 
the name ‘‘method of standards,” by suggesting that 
any standard is equally good, has sometimes led to the 
use of a standard that was not adapted to the particular 
problem; while the ‘‘method of expected cases,” by 
comparing expected with actual numbers, always keeps 
as close as possible to the actual problem under con- 
sideration.® 

With this preliminary statement, we may proceed 
to a study of the actual operation of the method in 
which its merits and its limitations will be revealed 
much more clearly than by mere description. The 
first question chosen to illustrate the operation of this 
method of expected deaths is that of determining the 
influence of order of birth upon infant mortality.® 
Order of birth is closely associated with age of mother, 
since a large proportion of the births of later orders are 
to the older mothers; it is also correlated to some extent 
with the prevalence of twins and triplets; and it is 
correlated slightly with low income, since larger families 
as measured by the number of births are more prevalent 
at the lower income levels. 

Table 15 presents a distribution of live births classi- 


> Compare the recent discussion of the best methods of choosing 
weights in the problem of measuring price increases—one of the 
familiar examples of the method of standards. 

° For a similar application of the method to this problem see 
Westergaard, op. cit., Revised ed., 1901, pp. 371-75. 
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fied by age of mother and order of birth.? An inspec- 
tion of the distribution shows at once that the lower 
orders of birth are associated with the younger ages 
and the higher orders with the higher ages. The infant 
mortality rates for the order of birth groups beginning 
with first births are 104.7, 95.7, 104.6, 108.8, 118.8, 


TABLE 15 
Age of mother and order of birth 
Live births in eight cities 


LIVE BIRTHS 


Age of mother 


ORDER OF BIRTH 8 3 

Total| s B 5 

5B ne) <5) 

cB Nr Pak ag he Be 

picasa! Bol S| 8) oR fe 

BL OU aM cic s ool ot 22 ,967/1 , 584)6,879)/6, 618/4,231/2, 688] 958 | 9 
ROIS bee mers ciccas hole wi 6, 230)1 , 227|/3,125)1,349} 399} 114) 14 
ay Daler 4,954} 311/2,196/1,621] 599] 204) 22 
eibind ae nonce. aces 3,328} 39] 968]1,407} 609} 260) 45 

J Dtapii qr We ema cmremom era 2,481 5} 412/1,043) 694) 268] 57] 2 

BBM ESL Pee sioesceac: Sieve 1787; 2} 133) 624) 631) 306} 69 2 

STD) Oso Bec eee aa 1,263 32} 339] 480} 326] 85 1 
SEN Gils tea oneee wes 921 9} 1388} 353] 320} 101 
Bionic ateariec 677 3 68} 226) 289) 91 

INTREUG ING ae en RD eioeee 470 1 20} 126) 224) 98 1 
Tenth and later...... 876 9} 114] 377] 376 


122.7, 136.8, 135.9, 146.8, and for tenth and over, 
181.5. It may be noted that the rate for first births 
is higher than that for second, and that there is a rapid 

7 The material is for live births in selected years in eight cities 


studied by the Children’s Bureau, and is taken from Causal Factors 
in Infant Mortality, Bureau Publication No. 142. 
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increase in rate from 95.7 for second to 181.5 for births 
tenth and later in order. The average rate for births 
of all orders is 111.2; expressing this average as 100, 
the following numbers show the variation in rates by 
order: 94.2, 86.1, 94.1, 97.8, 106.8, 110.3, 123.0, 122.2, 
132.0, 163.2. The rates for age-of-mother groups are: 
Under 20, 135.7; 20-24, 109.8; 25-29, 101.4; 30-34, 
104.7; 35-39, 126.5; and 40 and over, 136.7. 

In view of the fact that the infant mortality rates 
among births to older mothers are high and that these 
are largely births of the later orders, the question arises 
whether the age of mother is the factor that produces 
the high rate among the births of later orders, whether 
the order of birth is itself the causal element, or whether 
both factors contribute to the result. 

This question can be answered by ascertaining what 
the rates by order of birth would have been on the 
assumption that age of mother is the sole causal factor, 
and comparing the actual with these calculated rates. 
Applying the average rates by age of mother to the 
distribution of births by order of birth and age of 
mother, the deaths in each sub-group can be calculated; 
the deaths in each order-of-birth group can then be 
added, and these totals compared with the actual deaths 
that occurred. If order of birth has no causal influence 
aside from its correlation with age of mother, the 
number of actual and of expected deaths will be equal. 
If, however, the actual deaths do not equal those 
expected, the influence of order of birth or of other 
factors associated with it is revealed in the proportion 
by which the actual deaths fall short of or exceed the 
expected deaths. The figures in table 16 show the 
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actual deaths in comparison with expected deaths 
when the influence of age of mother is eliminated. 
The explanation of this calculation can be phrased 
in other terms. ‘The series of ratios shows, in fact, the 
influence of order of birth (together with associated 
factors) when the effect of the disproportionate weight- 
TABLE 16 


Relative mortality by order of birth, when influence of age of mother 
is eliminated 


Live births in eight cities 


DEATHS 
RATIO OF 


ORIGINAL 


OED EW OF BIRTH Ratio of RATE TO 
Actual Expected | actualto | avpRaGnE* 
expected* 
TPOTR | code eto ROC ae Ree eee 2,555 | 2,555.3 | 100.0 100.0 
SEES Depts tts s rarerace oo eticls isos sot 652 704.1 92.7 94.2 
SOCONG mates tn sin ctem gsc wo 474 538.6 88.0 86.1 
AE TiNG Laas Gee Oe OL oe eee 348 356.8 97.6 94.1 
[MOIR tailed Mo eibs aoe teeter 270 266.5 101.2 97.8 
Budi Det un eal Ruma alates a, Male ¢ 210 192.7 109.0 106.8 
Bybee Cad Geet Cente BO aoe er oe 155 141.2 109.7 110.3 
DSOV.EIGN wn P nitric kit 126 106.2 | 118.4 123.0 
Borin pein eeystevenc citeses ees ol 92 79.9 115.2 122.2 
INintibaewe econ oes 69 OnGS 120.2 132.0 
Wenth-and laters..cna0. 0 <r 159 112.0 142.0 163.2 
* Per cent. 


ing of the various groups with births to younger or to 
older mothers is eliminated, or, more simply, when 
the influence of age of mother is eliminated from the 
relative rates. 

The effect of eliminating the influence of age of 
mother appears slightly to diminish the excess mortality 
of first as compared with second births, and to lessen 
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the excess mortality of births of later as compared with 
births of earlier orders. The influence of order of 
birth, though diminished, is still marked. 

Table 17 presents a similar computation showing the 
influence of order of birth after additional factors are 
eliminated, to wit, earnings of father and plurality of 


TABLE 17 
Relative mortality by order of birth, when influences of age of mother 
and earnings of father are eliminated 


Single live births in seven cities 


DEATHS 
ORDER OF BIRTH 


Actual Expected Eee 
ORR es eae ee te 2,196 2,196.0 100.0 
ABS Gap eiaie cen olor ate 586 589.8 99.4 
SOCONG ee alec ye 410 454.3 90.2 
AM ibtit Rh een arn Merona mY 297 302.3 98.2 
GUE DN ies. setae eo ee 232 232.9 99.6 
dh Cela vere ee Ren tar mst Or rere Se 175 168.7 103.7 
Sixthetensc accuses see 119 124.0 96.0 
Sevembhiccacaclanteicteee coe 108 95.9 11256 
ighthts sen temo es 71.6 104.7 
Nia nitty vee ci te ecn Peart 61 54.5 111.9 
‘Tonchvandslateornssceecio 133 101.8 130.6 
* Per cent. 


birth. The computations made in constructing this 
table are much more complicated than those made in 
constructing the preceding one, since each group of 
births classified by earnings of father, order of birth, 
and age of mother is multiplied by the average rate in 
the corresponding earnings-of-father and age-of-mother 
group; the results are then totaled to give the expected 
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deaths by order of birth. These expected deaths are 
the numbers that would be expected if full weight were 
given to the factors age of mother and earnings of 
father, but if no influence of order of birth were present. 
The differences between the actual and expected 
deaths show, as before, the influence of order of birth 
after the disturbing effects of these other factors have 
been eliminated. 

It is of interest to note that the general trend of the 
rate by order of birth remains unaltered; the first births 
have a slightly higher rate than the second, and from 
the second there is a general tendency to increase with 
the later orders. The elimination of the two additional 
factors—earnings of father and plural birth—tends, 
however, to reduce still further the influence of order 
of birth as compared with that indicated by the original 
averages. 

A second question concerns the influence of age of 
mother. Table 18 presents the relative ratios between 
the average rate and the rates for each age-of-mother 
group, first with no eliminations; second, when the 
influence of order of birth is eliminated; and, third, 
when the influences of order of birth, earnings of father, 
and plural birth are eliminated. 

The effect of eliminating the influence of order of 
birth appears in the removal of the high mortality rate 
among the older mothers, which appears to be due 
largely to the influence of the high mortality rate 
attending births of late orders. ‘The effect of eliminat- 
ing the influence of earnings of father appears in lessen- 
ing the excess mortality among the young mothers, a 
large proportion of whom are in families with low 
earnings. 
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Since the primary purpose of this chapter, as stated 
above, is to illustrate the application of Professor Wes- 
tergaard’s method of isolating the influence of the sev- 
eral factors, these examples may perhaps suffice. They 
are presented to show how the method can be applied 
to eliminate one, two, or more factors. As many 
factors should be eliminated as a thorough considera- 

TABLE 18 


Relative mortality by age of mother, when influence of certain other 
factors is eliminated 


Live births in eight cities 


RATIO OF ACTUAL TO EXPECTED DEATHS* 


GE OF MO eel 
AGE THER Pee tits 
On basis of Fee eae erder oF birth, 
average rate ordanorincth earnings of 
father, and 
plural births 
AMOI: By crrmeeeae enn Comte Coch 100.0 100.0 100.0 
(Winder 20H ae aandaacmertae ce 121.2 131.8 1203 
DOES sae cen Shiela tee 98.5 106.8 101.9 
Da Oi retecck nia Conens aus ora ean 91.2 95.2 95.5 
SIDER YN Eoin Gores Cerone corso so 94.2 90.4 93.3 
ni has S SMa ohn Donate 113.8 97.5 105.3 
AQ AN GLOVEL Pes aterm ioei ee 122.9 92.4 91.1 


* Per cent. 


tion of the problem shows to be necessary. In many 
cases, however, the limitations in the amount or in 
the character of material available do not allow the 
exhaustive analysis that the nature of the problem 
requires. 

One suggestion might be made as to an appropriate 
notation to express the operations and results of multi- 
ple classification and of the method of expected deaths. 
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Letting 1 denote the infant mortality rate, 2 order of 
birth, 3 age of mother, 4 earnings of father, 5 national- 
ity of mother, 6 plural births, and similar subscripts 
for other factors, then table 15, for example, may be 
designated briefly B 2.3, or births classified by age of 
mother and order of birth. If subclassification by 
nationality of mother is introduced the table becomes 
B 2.3-5. Letting R denote the series of ratios of actual 
and expected deaths that shows the influence of a 
given factor such as order of birth upon the infant 
mortality rate, then the relation between the rate and 
order of birth may be stated simply Ri; if a factor 
such as age of mother is eliminated, it may be indicated 
by placing the corresponding number after a colon 
following the numbers indicating the relation shown, 
thus FR,23. The third column of ratios in table 18, 
for example, may be designated, Rj 3.0-5-5. 

Among the limitations of the method considered in 
this paper may be mentioned the following points: 
(1) The method requires a considerable amount of 
computation if more than one or two factors are elimi- 
nated; (2) the application of the method requires a 
mass of material commensurate with the number of 
factors to be eliminated, though no more than would 
be required by any other equally satisfactory method; 
(3) since it is an averaging process the method will 
yield satisfactory results only when an average is 
appropriate. 

The last point may be illustrated by table 19, which 
shows infant mortality rates classified by age of mother 
and order or birth. Among births to young mothers 
the rate of infant mortality rises sharply from first to 
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third; while among births to mothers of the oldest 
groups shown the rate, high for first births, falls to a 
minimum for third births and rises to a very high figure 
for births tenth and later in order. These characteris- 
tic variations of the rate are obscured by an averaging 
process,® unless such a process takes into account the 
interval between births which also enters as a factor in 
this case. Again, the averaging process indicated 
(table 18) that age of mother was not an unfavorable 
element in the rate of mortality among infants of older 
mothers; but the classified table of rates shows that for 
first births the infant mortality rate is higher among 
births to older mothers than to mothers between 25 
and 29 years of age. 

A further difficulty arising from this averaging proc- 
ess is the question of the effect of the weights chosen. 
The results, as can easily be shown, may vary consider- 
ably according to the weights. In this respect the 

8 In mathematical terms, the partial derivative which measures 
the contribution of X, to X; when other factors are held constant 


may in general contain constant terms in X3, X., and other factors. 
The condition that the partial derivative shall not vary with X3, Xa, 


P : F 5X, 
etc., requires an averaging process to find an expression for —— 


5X2 
that contains no terms in any other variable. Such a process is 
appropriate only when the types and values of the partial derivative 
do not vary materially for different values of other variables. 

If the additional condition is imposed that the partial derivative 
with respect to each factor be a constant, the expression becomes 
linear and corresponds to the familiar partial straight line regression 
equation X41 = Die, 34 ra oe X, + bisz.04 OF ber Xs, ete. 

It is clear that the application of the Westergaard method is 
somewhat broader than that of the partial straight line regression 
equation, and that the latter is equally inapplicable to cases in 
which an averaging process obscures the true significance of the 
variations in the rates. 
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method has the same advantages and the same weak- 
nesses as the method of standardizing or correcting 
death rates, or of measuring price increases. Experi- 
ence has indicated as a general rule to be followed that 
the weights chosen should agree as closely as possible 
with the “natural’’ weighting in the problem studied. 


TABLE 19 
Infant mortality rates, by age of mother and order of birth 
Live births in eight cities 


INFANT MORTALITY RATES* 
ORDER OF BIRTH Age of mother 


Under 40 and 
20 20-24 | 25-29 30-34 | 35-39 Over 


WO Gal Se hertsiecie.s/h5\ci0' 2 111.2} 135.7] 109.3] 101.4] 104.7} 126.5) 136.7 


erste ves ietrares ee 104.7] 125.5) 100.5) 90.4) 102.8} 131.6 
SOCOMG sapyatycrcnce ieee 95.7) 167.2) 105.6) 74.0) 76.8} 112.7 
RISING ae eyssotorerocd + <\e <0 = 104.6 125.0} 103.8} 82.1) 73.1 
OUTED aye» ace eiosaceiets 108.8 155.3} 99.7) 106.6} 82.1 
LDU ees etree Aree 118.8 97.7} 136.2} 96.7| 127.5 
SOLD Ne Bee Ree ipa 122.7 150.4} 102.1) 128.8 
DOVENth se. csie.c coe. - 136.8 195.7} 121.8) 131.3} 108.9 
BNE tive yelstaisteis\e/oiers!s 135.9 137.2] 121.1 
INTIUG I stelctatcis sieves viens 146.8 174.6) 133.9 


Tenth and later..... 181.5 228.1) 193.6] 159.6 


* Rates are not shown where base is less than 100. 


Thus, if it is desired to eliminate the influence of age of 
mother, the actual weighting of the births by order of 
birth and age of mother yields the most satisfactory 
results and introduces no new element of arbitrary 
weighting into the problem. Care must always be 
exercised, however, in applying the method to deter- 
mine whether the results are affected by the weights. 
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Errors of interpretation arising from these difficulties 
can always be avoided by a study of the rates classified 
by the several factors. 

Among the advantages of the method are the follow- 
ing: (1) The results are stated in clear and simple terms; 
(2) the numbers upon which the results are based can be 
presented and the validity of the results judged thereby ; 
(3) the method requires the constant use of the original 
material, which often suggests the necessity of taking 
into account factors, such as age of infant in connection 
with type of feeding, which might otherwise be over- 
looked; (4) it can be applied in certain cases even 
when the material cannot be classified so as to yield the 
full detail of rates;® (5) it is not restricted to linear 
relationships but indicates any type of average rela- 
tionship which may exist; (6) it is not restricted to 
factors which can be expressed numerically but can be 
applied equally well to factors, such as nationality 
and employment of mother, which are not susceptible 
of statement in numerical terms; and (7) it places in 
true relation the actual effect of each contributing 
factor after the influences of other factors have been 
eliminated. 


9 For example, if the births can be fully, but the deaths or still- 
births only partially, classified. See Westergaard, op. ctt., Revised 
ed., pp. 333, 336; and ‘“‘Scope and Method of Statistics,’’ loc. cit., 
p. 262. 
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BREAST AND ARTIFICIAL FEEDING! 


The superiority of breast over artificial feeding during 
the early months of infancy has long been recognized 
by the medical profession, and general principles in 
regard to the best modes of infant feeding have been 
developed. In view of the importance of the subject, 
however, statistical evidence of the relative influence of 
artificial and breast feeding upon infant mortality rates 
seems surprisingly meagre. Most of the data which 
are available relate to foreign cities or districts where 
special censuses of the kind of feeding received by the 
infant population have been taken and used in con- 
nection with records of the kind of feeding received by 
infants who died, or where other types of special 
inquiries have been made to ascertain the type of feed- 
ing prevailing.” 

1 Adapted by permission from The Relation between Breast and 
Artificial Feeding and Infant Mortality, published in The American 
Journal of Hygiene, Vol. II, No. 6, pp. 668-687, November, 1922. 

2 For example, Westergaard, H., in ‘‘Die Lehre von der Mortalitit 
und der Morbilitit,’’ Revised Edition, 1901, p. 361, gives figures 
secured by Béckh for Berlin, based on a census of infants in the city 
and the returns as to type of feeding contained on death certificates. 
Dr. Groth and Professor Hahn made an extensive survey of the com- 
munes in Bavaria, in which the type of feeding was ascertained for 
samples of infants brought to vaccination stations (Die Siuglings- 
verhiltnisse in Bayern, Zeitsch. d. k. Bayerisch-Statistischen 
Landesamts, 42d year, 1910, No. 1, pp. 78-164). For a statistical 
study of feeding in Boston, Mass., based upon a sample group of 
infants, see Davis, William H., M.D., Statistical Comparison of the 
Mortality of Breast-fed and Bottle-fed Infants, Amer. Jour. Diseases 
of Children, Vol. V, 1913, pp. 234-247. 
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In explanation of the relative lack of material on this 
subject, it should be mentioned that sound statistical 
treatment requires a comparison of the deaths of 
infants receiving each type of feeding with the time 
lived by infants while receiving the same type of feed- 
ing,— information which is not readily available. 

The following analysis of the influence of feeding is 
based upon data for the 22,422 live born infants in 
eight cities studied by the Children’s Bureau.? ‘These 
22,422 infants are classified according to the feeding 
received during each month of the first year of life.‘ 
The classification by months not only yields a statement 
of the total number of months lived by infants receiv- 
ing each type of feeding, but also permits taking into 
account the change in the mortality rate by age and 
comparing for each month during the first year of 
life the relative mortality among infants receiving each 
type of feeding. 

The kinds of feeding are classified into the three 
groups, exclusively breast, exclusively artificial, and 
partly breast and partly artificial feeding. This group- 
ing is not wholly satisfactory. The groups of partial 
and exclusive artificial feeding are not classified in detail 
according to the character of the food given. Hence, 
the analysis of the effect of feeding on infant mortality 

3 This number excludes from consideration 545 infants, or 2.4 per 
cent of the total number, who died not fed. 

4 If the feeding changed during the month the infant was classified 
according to the type he received during the greater part of the 
month, since this rule gives the closest approximation to the months 
lived by infants receiving each type of feeding. In case of death 
during the month, the type of feeding received prior to death (ex- 


cept in cases where the feeding was changed by reason of sickness) 
was tabulated. 
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made in the present study is confined to the differences 
between exclusively breast feeding and exclusively 
artificial feeding, and between partial breast feeding 
and each of the other two groups, irrespective of the 
character of the artificial feeding. 

Table 20 shows the increase in prevalence of artificial 
feeding from month to month during the first year of 
TABLE 20 
Type of feeding, by month of life 
Infants in eight cities 


PER CENT OF INFANTS SURVIVING 
AT BEGINNING 
OF SPECIFIED MONTH OF LIFE 


MONTH OF LIFE =a nee 
Exclusively} Partly _ |Exclusively 
breast-fed | breast-fed | artificially 

during during fed during 
the month | the month | the month 


IDS tice Bb GAA Oe CIR RICO nae 86.7 3. 


if 10.2 
SENG Sok CHA oD CoO On Apa eae 78.3 5.9 15.8 
“BLOT as leet ALA en eaea RCN Pe aa 71.4 Sa2 20.4 
ARUN ts Lileeteee teat kevete vv lc wise tisie siekerecens, eiaiehshave 62.7 12.4 24.9 
TCH HO ors Gigs SORE O ar Reta: 57.3 15.5 2d 
SSiix bran ae stare Meterccotes reds ohcvas Sans acey aaa tateue 51.7 19.3 29.0 
SOVEL beret icon ce aac neactelainicisisi siete. ole 41.0 PAF 3) 31.4 
EDI pin Gaerne cts valnrers cee ads eiseletarciessce 35.1 31.9 33.0 
INDND LEAS eye aroeebiace cle eioeioets © atiee ois 28.1 36.9 34.9 
ER GTIL ENC le cuctelane toca ete bem aletsiisimesion 20.5 41.5 37.9 
TET AEG AASoEE CMO Ae eae mae ae ar 15.9 44.0 40.0 
Be LAG Lseeetelefete tae ciara eee cette eraraeasie & 13.3 44.6 42.0 


life. In the first month 86.7 per cent of the infants were 
breast-fed, and 3.1 per cent were partly breast-fed, 
while 10.2 per cent were exclusively artificially fed. 
In the third month the proportion exclusively breast- 
fed had fallen to 71.4, while the proportion artificially 
fed had doubled, reaching 20.4 per cent. By the sixth 
month the proportion exclusively breast-fed was only 
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slightly over half, while that artificially fed had risen to 
nearly three tenths. By the ninth month less than 
three tenths, 28.1 per cent, were exclusively breast-fed, 
while the proportion partly breast-fed had increased 
to 36.9 per cent and that exclusively artificially fed had 
increased to 34.9 per cent. At the end of the first year 
of life, only 13.3 per cent of the infants continued to be 
entirely breast fed, but the proportion partly breast 
fed had risen to 44.6 per cent and that wholly artificially 
fed to 42.0 per cent. Up to the ninth month the pro- 
portion of artificially fed exceeded that of partly breast- 
fed infants. From the ninth to the twelfth this rela- 
tive position was reversed, and the proportion partly 
breast-fed was slightly greater than that exclusively 
artificially fed. The greatest number of transfers from 
exclusive breast to partly breast or to artificial feeding 
took place between the sixth and the seventh months. 

These figures can be summed up in convenient fash- 
ion in terms of months lived by infants who received 
each type of feeding. Taking for this purpose the 
figures for the first nine months only, since, as will be 
shown later, the type of feeding in these months is of 
greater importance than in the last three months 
of the first year of life, it is found that of the 192,212 
months lived 57.4 per cent were lived by infants while 
breast-fed, 17.6 per cent while partly breast-fed, and 
24.9 per cent while artificially fed. Thus not far from 
three fifths of the months lived up to and including 
the ninth month were months of breast feeding, and 
approximately one fourth were months of artificial 
feeding. 

In table 21 monthly death rates are shown for each 
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month of life up to the twelfth. By comparing the 
rates for the three types of feeding in each month of 
life, the relation between mortality and type of feeding 
is made clear. In the first month the rate for arti- 
ficially fed infants was over 3 times that for breast- 
fed infants; in the second month it was 4 times, in the 


TABLE 21 
Monthly mortality rates, by type of feeding 
Infants in eight cities 


MONTHLY PROBABILITY OF DYING 
PER 1000 INFANTS 


MONTH OF LIFE 
i Exclusively 
Alltypes |Exclusively| Partly aes 
of feeding | breast-fed | breast-fed | ” peas 


LIGUSS Enc age ee pica ee ee ere 44.8* 16.9 36.4 54.7 
DCCONG see yee as ate neds 9.3 5.8 14.7 24.6 
Mair ee er es ok aa A 8.1 3.7 12.9 21.2 
BGR Mise ney onan cicls, cscs 8.0 3.4 9.0 19.2 
HR NA SOS es BRE Sees Lot 3.83 One 18.1 
STOTT Ay kn oat ede Sea a ees 7.4 2.1 5.9 We 
DCVCUtDE RE rr er cst secs. 6.3 1.9 4.0 14.1 
Bont eretesce ae ee ge a Sat eicte oie 5.8 2.9 3.3 LS 
INGTIIS yn a eepee ee ane om OLee Dal. one 2.9 10.7 
BRen theese se ere aoe Be 3.8 Des 9.3 
event hua ae eine ieniaotae ono 2.4 Pls 6.0 
PR Welitied eet Wan nities 4.5 4.4 PAT 6.4 


* The rate per 1000 fed is 21.5; 545 infants died not fed. 


third nearly 6 times, in the fourth, fifth, sixth and 
seventh months over 5 times, in the eighth 4 times, 
and in the ninth slightly over 3 times the rates for 
breast-fed infants. After the ninth month the relative 
advantage of breast feeding was much less. 

The relation between the rates for partly breast-fed 
infants and those for infants in the other two groups is 


80 INFANT MORTALITY AND ITS CAUSES 


also shown. In each month up to the eighth the death 
rate for the partly breast-fed was higher than that for 
the wholly breast-fed, and lower than that for the arti- 
ficially fed infants. In the first month the rate was 
twice that for exclusively breast-fed infants; it rose to 
nearly 3 times in the second month; in the third it was 
over 3 times, in the fourth nearly 3 times, in the fifth 
nearly twice, in the sixth nearly 3 times, in the seventh 
twice, in the eighth slightly greater, while in the ninth 
it was slightly less than the rate among wholly breast- 
fed infants. During the first nine months, the rate 
among partly breast-fed averaged about twice as high 
as that among wholly breast-fed infants. For the same 
period the death rate among the exclusively artificially 
fed averaged about 3 times as high as among the partly 
breast-fed babies. 

A convenient method of summing up the relative 
disadvantage of artificial feeding shown in table 21 
is to compare the deaths which actually occurred 
among the artificially fed infants with the number that 
would have occurred if the mortality rates among the 
breast-fed infants had prevailed among them. In 
this comparison, furthermore, allowance can be made 
for the decrease in the mortality rates by age. Apply- 
ing the monthly death rates for breast-fed infants to 
the infants who were artificially fed in the correspond- 
ing months, it was found that instead of the 1,047 
deaths that actually occurred among the artificially 
fed infants under one year of age only 268.7 deaths 
would have been expected at these rates of mortality. 
In other words the actual deaths were nearly four times 
the expected deaths. 
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Comparing in a similar way the number of deaths 
that actually occurred among all the partly breast- 
fed infants under one year with the number that would 
have occurred among them if the rates among the 
breast-fed had prevailed, it was found that only 203.9 
deaths would have occurred instead of 269. The death 
rate among the partly breast-fed averaged slightly 
higher than among the breast-fed infants. 

When the comparison was limited to the first nine 
months of life, however, the excess mortality both 
among artificially and among partly breast-fed infants 
appeared more marked. Thus during the first nine 
months 870 deaths of artificially fed infants occurred, 
as compared with only 181.1 that would have been 
expected at the rate of mortality prevailing among 
breast-fed infants. In other words, during this period 
the rates of mortality among the artificially fed aver- 
aged nearly five times as high as among the breast-fed 
infants. Among the partly breast-fed infants 201 
deaths occurred during the first nine months, as com- 
pared with only 109.3 deaths expected on the basis of 
the rates prevailing among breast-fed babies. The 
monthly death rates among the partly breast-fed 
babies averaged, therefore, not quite twice as high as 
those among the more favored group of infants who 
received breast feeding. 

The preceding discussion shows clearly that the sta- 
tistical evidence favors breast feeding in the early 
months of life, and that in these months artificial feed- 
ing is fraught with excessive mortality. Two impor- 
tant questions concerning infant feeding are then raised. 
If an infant is exclusively breast-fed from birth at what 
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age should his breast feeding be supplemented by arti- 
ficial food? And at what age should an infant be 
entirely weaned? Although the data do not answer 
these questions directly,—and of course general con- 
clusions based upon statistics are not necessarily applic- 
able to individual cases,—they furnish evidence on 
these points which is very suggestive. 

Table 22 throws light upon the effect on mortality 
of a change from exclusively breast feeding to partially 
or exclusively artificial feeding at different times during 
the first year. Average monthly death rates from 
each month to the end of the first year of life are shown 
for two groups of infants who had been breast-fed up 
to the given month: those who continued to be breast- 
fed until the end of the year and those whose breast 
feeding ceased with or was first supplemented by arti- 
ficial food during the given month. 

The evidence indicates that, when the change oc- 
curred in the second, third, fourth, fifth, or sixth 
month, the average death rates for infants whose 
breast feeding ceased entirely or was first supplemented 
during those months were higher than those for infants 
who continued to be breast-fed. When the change was 
made in the seventh month or afterwards, however, 
the average death rates for infants whose feeding was 
changed were slightly lower than those for infants 
whose feeding remained unchanged. 

An interesting point is that the monthly death rate 
for exclusively breast-fed infants reached its lowest 
point in the seventh month, and that both for the 
seventh and the eighth months the rates for this group 
were lower than the average monthly rates from the 
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TABLE 22 


Relative advantage or disadvantage of a change from exclusively breast 
feeding, as shown by average monthly death rates from time of change 
lo end of first year of life, by month of life in which change was made 


Infants in eight cities 


INFANTS WHOSE BRBAST- 
FEEDING CEASED OR WAS SUP- 
PLEMENTED BEGINNING WITH 

SPECIFIED MONTH 


INFANTS 
EXCLUSIVELY 
BREAST-FED 
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POUCH Ti ees See ee ee 16,915 111 6.6 3.0 3.4 
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Sit Lbereereen: er cestie 4. GGG 8, 652 36 4.2 3.0 va k 
SSLON GUI LN he Be pesos eee 13,722 36 2.6 Soll 1.9 
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aN TING er tea notes octetate noc ose 5,848 14 2.4 3.4 ane 
Tenth and later........... 7,190 12 iow 3.5 3.5 


* The rate for the first month is not exactly comparable with 
those for later months. The figures for the second month, for 
example, include infants who were exclusively breast-fed in the 
first, but either partially or exclusively artificially fed in the second; 
the figure for the first month, however, includes only infants who 
were partially breast-fed during the greater part of the month, and 
these may or may not have received exclusively breast feeding for 
a period not exceeding two weeks. Infants who received exclusively 
breast feeding for less than 2 weeks and were then transferred to 
exclusively artificial feeding, on the other hand, are not included. 
These differences may explain the slightly lower rate found for the 
first month as compared with the second. 


84 INFANT MORTALITY AND ITS CAUSES 


seventh or eighth months to the end of the year for 
either those who continued to be breast-fed or whose 
feeding was changed during the given months. A 
change in the ninth month, on the other hand, was 
associated with lower death rates than continued breast 
feeding. 

As for the relation between the time of weaning and 
the average mortality rate, table 23 compares the 
average death rate from each month to the end of the 
first year of life for infants whose exclusively artificial 
feeding commenced in the given month with that for 
exclusively breast-fed infants. 

The figures showed that weaning before the eighth 
month was associated, in the group of infants studied, 
with a relatively high mortality, as compared with that 
prevailing among breast-fed babies. When weaning 
was deferred until the eighth month, however, the 
mortality rates were not substantially higher than those 
for breast-fed infants, and in cases in which weaning 
was deferred until after the eighth month the rates 
appeared even slightly more favorable than those for 
babies who were exclusively breast-fed. Unfortu- 
nately, in the data available for study, the numbers 
of deaths of infants who were weaned during the later 
months of the first year of life were so small that 
comparatively little weight can be attached to the 
conclusions which the figures suggest. 

A striking conclusion to which the data available 
in this study point is that the ill effects of early artificial 
feeding manifest themselves in increased mortality 
during the later months; in other words the health of 
artificially fed babies, as shown by the mortality rates, 
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appears to grow worse during the first few months 
following the commencement of early artificial feeding. 
This conclusion is suggested immediately by a compari- 


TABLE 23 
Relative advantage or disadvantage of a change to exclusively artificial 
feeding, as shown by average monthly death rates from time of 
change to end of first year of life, by month of life in which change 
was made* 
Infants in eight cities 


INFANTS WHOSE EXCLUSIVELY EXCLUSIVELY 
ARTIFICIAL FEEDING COM- BREAST-FED 
MENCED IN SPECIFIED MONTH INFANTS 
OK > >o uo) 
#8 ghia 3 
MONTH OF LIFE Bb S 3 =) Pos 
ae ee | e238 | 36 
fo} u eH 
3 3 8 es ee 8 g | 
ISsIitiss Grebe ote stertodevevans arsee Siero cas 23,189 535 23.1 4.5 16.9 
SISTING KAA ONO Ora On eR EIOe 13,089 | 196 LoxO Rises 5.8 
Mbindepeee cae eae vio cas 10,015 128 LPARSY | 9 ajo! 3.7 
HOUT DMN aren ee cots. a 8,896 89 10.0} 3.0 3.4 
Hash Dee eee ete se eet 4,149 34 eral wei) 33a} 
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DOV ONC as cise wi scene 3,425 17 OM iecoe 1.9 
TBA Nd DR etek, Sierra nes eNO 1,942 6 Salas 2.9 
Nib Hea Gelaters cscs. sc ne 5,059 16 Bus ost 3.4 


* In table 23 infants exclusively artificially fed at some time during 
the first year of life are classified according to the month in which 
exclusively artificial feeding began; in table 22 infants exclusively 
breast fed at some time during the first year of life are classified 
according to the month in which breast feeding ceased or ceased 
to be exclusive. 


son of the average death rates for artificially fed in- 
fants, for example, during the ninth to the twelfth 
months, 10.7, 9.3, 6.0, and 6.4 (table 21), with the aver- 
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age death rate, 3.4 (table 23), during the same months’ 
for infants whose artificial feeding commenced in these 
months. The comparison is between a group in which 
a large majority had had previous artificial feeding and 
a group in which all had enjoyed breast feeding up to 
the ninth month. Although, as will be shown later,’ 
the higher mortality in the former group was due in 
part to the fact that the group of infants whose arti- 
ficial feeding commenced in the early months included a 
disproportionate number of babies who were physically 
weak, this comparison suggests that the length of pre- 
vious artificial feeding played an important part in 
causing the high death rate. 

Table 24 brings out this effect clearly by showing the 
monthly death rates for the various groups of babies 
classified according to the month in which their arti- 
ficial feeding began. In each month of life the rate 
tended to be higher the longer the period of previous 
artificial feeding. In the fifth month, for example, 
the mortality rate was 24.0 for babies whose artificial 
feeding commenced in the first month, as compared 
with 18.7, 18.3, 13.6, and only 3.8 for babies whose 
artificial feeding commenced in the second, third, 
fourth, and fifth months, respectively. 

The real significance of this tendency is brought out 
more clearly by comparison with the trend in the rates 
for breast fed babies. Infants whose artificial feeding 
began in the third month had a rate in that month 
which was 3.3 times, in the fourth month 4.7 times, in 


5 From the time of commencing artificial feeding to the end of the 
first year of life. 
6 See pages 91 and ff. 
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the fifth month 5.5 times, and in the sixth month 10.3 
times the corresponding rates for breast-fed infants. 
This increasing disparity between the rates for arti- 


TABLE -24 
Monthly death rates, by duration of previous artificial feeding 
Infants in eight cities 


DEATHS IN 
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*The slight differences which appear between these rates and 
those shown in table 21 are due to the omission in this table of a small 
number of cases in which exclusively artificial feeding was begun, 
but was later changed to partial or exclusively breast feeding. 


ficially fed and for breast-fed infants, which appeared 
during the first few months after artificial feeding was 
begun, is convincing evidence that both the ill effects 
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of artificial and the good effects of breast feeding are 
cumulative. 

From another point of view this cumulative effect 
can be traced in the trend of monthly death rates, 
shown in table 24, for the various groups of babies 
classified according to the month in which their arti- 
ficial feeding began—following down the columns in- 
stead of across the rows. Thus the death rate for 
babies whose exclusively artificial feeding commenced 
in the third month was 12.2 in the third, 16.1 in the 
fourth, 18.3 in the fifth, and 21.6 in the sixth month. 
This tendency toward an increasing rate for babies 
who were artificially fed at an early age is in striking 
contrast to the general tendency for the death rate to 
decrease month by month during the first year of life. 

An analysis of the death rates by cause of death 
(table 25) showed, as would be expected, that the excess 
mortality among infants who were artificially fed was 
greatest from gastric and intestinal diseases, the dis- 
eases especially connected with improper feeding. 
From the second to the ninth months the mortality 
from this cause among artificially fed infants was 11.3 
times as great as among breast-fed infants, while in 
the tenth, eleventh, and twelfth months the excess 
mortality dropped rapidly until it was only 3.5 times 
as great. During the entire first year of life the mor- 
tality from this group of diseases among artificially 
fed infants averaged 7.7 times that among breast-fed 
infants. If the rates from gastric and intestinal dis- 
eases prevailing among breast-fed infants had prevailed 
among artificially fed infants, only 64 deaths would 
have been expected, as compared with the 495 which 
actually occurred, from these causes. 
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Not only were the rates from gastric and intestinal 
diseases markedly higher, but the rates from all the 
other principal causes appeared to be higher among 
artificially fed than among breast-fed infants. Among 
the artificially fed the death rate from respiratory dis- 
eases averaged 85 per cent higher than among the 


TABLE 25 
Excess mortality among artificially fed over that among breast-fed 
infants, by cause of death 


Infants in eight cities 


DEATHS AMONG ARTIFICIALLY 
FED INFANTS 


CAUSE OF DEATH 


Ratio 
Actual Expected* | of actual to 


‘ expected 
IRGUA Mercer occ cess o TTT et eteece ties ¢ 1,047 268.4 3.9 
Gastric and intestinal diseases........ 495 64.2 Uatt 
Respirabory GISCAases...\.. 15+ -6- 2-6 185 100.4 1.8 
INV ecco rime LOUIS sere eserves erereie\o'= ei ser ores ee 26 5.9 4.4 
UAL Vaal VAT CV eeepc evatere lever eel ieysterelarerocatere er 165 27.1 Onl 
Epidemic diseasest =... 1-1. -)-<)-i2)s 09-10 74 32.7 2.3 
[Eb arava wed Pern bhtet tention ome acecaise Someta 3 225 il 9 
Diseases, ill defined or unknown...... 18 3.7 4.9 
NICOL HET ICRUSESS...6s ee oe Geers ole 81 31.9 25 


* Expected, if the rates from each cause that prevailed among 
breast-fed infants had prevailed among the artificially fed infants. 


breast-fed babies. The rates from malformations and 
from early infancy were four and six times as high 
respectively. The rate from epidemic diseases was 
over twice as high. The group of all other causes, 
including convulsions, meningitis, and congenital heart 
disease, had a mortality rate two and a half times as 
high, while the group of ill-defined causes had a rate 
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nearly 5 times as high among artificially — as among 
breast-fed infants. 

To a certain extent the higher rates from “all other 
causes” might be attributed to digestive disorders— 
in so far as they represented deaths ascribed to convul- 
sions following upon gastric and intestinal diseases. 
Similarly the group of deaths from ill-defined causes 
might include many from these diseases. Even the 
group of causes peculiar to early infancy, especially in 
case of deaths ascribed to “congenital debility,” might 
include many which were largely the result, and fairly 
to be ascribed to the effect, of improper feeding. For 
this term, according to the rules for classification in 
use by the Bureau of the Census, includes all deaths 
under one year which are assigned to such vague causes 
as debility, marasmus, emaciation, malassimilation, 
conditions which—in any case if they occur after the 
first or second month of life—are probably often due 
to improper feeding or to digestive disorders. 

In this connection it may be noted that the mortality 
from congenital debility from the second to the twelfth 
months among artificially fed infants was 10.7 times 
that among breast-fed infants, a rate entirely compar- 
able with the excess mortality from gastric and intesti- 
nal diseases. On the other hand, in the first month 
the excess mortality from this cause was only 3.1 times 
that among breast-fed infants. 

Although part of the excess mortality from “congeni- 
tal debility” appearing among the artificially fed is 
probably due to inaccurate return of the cause of death, 
nevertheless a considerable excess mortality from other 
causes peculiar to early infancy, including premature 
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birth, injuries at birth, and malformations, can be 
explained only on the hypothesis that there is a tend- 
ency for infants who are physically weak to be arti- 
ficially fed in larger numbers than are normally en- 
dowed infants. The fact that such a tendency existed 
would not preclude the conclusion, of course, that the 
chances of life of these infants were greater if they were 
breast-fed than if they were artificially fed. 

The foregoing analysis is based upon data for the 
entire group and the conclusions are stated without 
correction for possible correlated factors. It remains 
to determine whether the influence of correlated factors 
is such as to require a substantial modification of these 
conclusions: The principal correlations the influence 
of which must be considered in this connection are 
those between artificial feeding and (1) physical 
weakness, (2) nationality, and (8) economic status. 

Was the excessive mortality among the artificially 
fed due to the inclusion in that group of a dispropor- 
tionate number of infants belonging to groups which, 
possibly because of greater physical weakness, were 
characterized by extremely high rates,—such as twins 
and triplets, prematurely born babies, and infants 
whose mothers died within one year after confine- 
ment? In these three groups not only the rates from 
all causes, but also and particularly the rates from 
causes peculiar to early infancy, were unusually high ;— 
those from all causes were 363, 541, and 450 per 1,000, 
respectively, as compared with an average rate of only 
111, and those from causes peculiar to early infancy 
were 187, 405, and 257, respectively, as compared with 
an average rate for all infants of only 36. Whether 
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this excessive mortality indicates innate physical weak- 
ness of the infants, or shows the consequences of the 
physical condition of their mothers, or the results of 
unfavorable environmental conditions are questions 
which are not only difficult to answer satisfactorily 
but are immaterial to the present purpose; for the 
present purpose it is sufficient to show whether the 
mortality among artificially fed infants was increased 
by the inclusion among them of a disproportionate 
number of infants belonging to groups in which the 
mortality rates for other reasons than feeding were 
exceptionally high. 

The evidence showed that in each of these groups 
infants were artificially fed in larger numbers than in 
the group as a whole. Thus, of the months lived up 
to the end of the ninth by twins and triplets 45.1 per 
cent were months of artificial feeding, as compared with 
only 24.5 per cent of the months lived by single infants. 
Similar percentages for premature infants and for 
infants whose mothers died were 43.8 and 82.8, as 
compared with 24.9 per cent for all infants. 

Though the group of artificially fed infants is thus 
seen to have been overweighted by twins and triplets, 
by infants prematurely born, and by infants whose 
mothers died, each of these groups formed a. very 
small proportion of the total. Thus, the twins and 
triplets were only 2 per cent of the total live births, the 
prematurely born infants 5 per cent, and the infants 
whose mothers died only 0.6 per cent. Of the months 
of artificial feeding up to the ninth 3.3 per cent were 
lived by twins and triplets, 6.5 per cent by infants pre- 
maturely born, and 1.4 per cent by infants whose 
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mothers died within one year after confinement, as 
compared with 1.1, 2.5, 0.1 per cent, of the months of 
breast feeding lived respectively by twins and triplets, 
by infants prematurely born, and by infants whose 
mothers died. 

In the entire group of infants, as already noted, the 
mortality rates among the artificially fed averaged 3.9 
times as high as among the breast-fed. Among the 
plural births alone the mortality of artificially fed 
infants averaged 3.6 times, while among the single 
births alone it averaged 3.8 times as high as among the 
breast-fed infants. Combining the results, instead of 
1,047, only 279.2 deaths would have occurred in the 
entire groyp of artificially fed infants if the rates 
among single and plural breast-fed infants had been 
applied to the single and plural artificially fed infants 
respectively. The excess mortality thus averaged 3.75 
times as high, even after the elimination of the 
influence of the excess weighting of the group of arti- 
ficially fed infants by twins and triplets. 

The effect of eliminating the influence of the other 
factors is, similarly, relatively slight. When the influ- 
ence of the overweighting of the artificially fed group 
by infants who were prematurely born is eliminated, 
the excess mortality among the artificially fed is re- 
duced only from 3.9 to 3.56. When the influence of 
the overweighting of the group of artificially fed by 
infants whose mothers died is eliminated, the excess 
mortality is reduced only from 3.9 to 3.69. 

Since a much larger proportion of plural than of 
single births were prematurely born, the reduction 
in the relative excess mortality due to eliminating 


94. INFANT MORTALITY AND ITS CAUSES 


the influence of prematurity might in part duplicate 
the reduction due to eliminating the influence of plural 
birth. Nevertheless, when both these factors were 
eliminated, the reduction in the relative excess mortal- 
ity was only from 3.9 to 3.4. When all three factors 
were eliminated the mortality among artificially fed 
infants still averaged 3.3 times that among breast-fed 
infants. 

This analysis, though somewhat technical, shows 
clearly that the effect of the overweighting of the group 
of artificially fed infants by infants in groups having 
high mortality rates was of minor importance in com- 
parison with the marked excess mortality associated 
directly with the kind of feeding. 

Reference has already been made to the possible 
influence which the tendency to feed artificially infants 
in certain groups characterized by high mortality rates 
in larger proportions, or beginning at earlier times, 
than other infants might have in increasing the appar- 
ently cumulative effect of the type of feeding. Of the 
infants who were artificially fed beginning in the first 
month, 12.4 per cent were either prematurely born or 
were twins or triplets, as compared with an average of 
7.3 per cent of those beginning artificial feeding in 
the second and third months, an average of 5.0 per cent 
of those beginning in the fourth to seventh months, 
and an average of only 3.8 per cent of those beginning 
in the eighth to twelfth months. 

To eliminate the effect of such an influence, table 
26 exhibits the monthly death rates among artificially 
fed single infants who were born at term and whose 
mothers lived throughout the year following their 
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births, classified according to the month when artificial 
feeding commenced. The effect of eliminating the 
three groups previously discussed was to reduce materi- 


TABLE 26 
Monthly death rates, by duration of previous artificial feeding, omitting 
prematurely born infants, twins and triplets, and infants whose 
mothers died within the year following confinement 


Infants in eight cities 
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* Omitting prematurely born infants, twins and triplets, and 
infants whose mothers died within year following confinement. 


ally the excess mortality among infants who were arti- 
ficially fed from the first month, as compared with that 
among infants whose artificial feeding commenced 
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later. This elimination, however, did not alter the 
general conclusion previously reached. In the fifth 
month, for example, the rate of infant mortality was 
higher the longer the period of previous artificial 
feeding. The tendency already noted for the rate to 
increase, relatively to the rate among breast-fed in- 
fants, immediately following the beginning of artificial 
feeding at an early age was still found to hold true 
for this group of infants. Among the infants whose 
exclusive artificial feeding commenced in the second 
month, for example, a mortality rate prevailed in that 
month which was 1.9 times the rate among breast-fed 
infants; the rate in the third month, however, was 6.3 
times, in the fourth month 5.6 times, and in the fifth 
month 6.9 times the corresponding rates among breast- 
_fed infants. Among the infants whose exclusive arti- 
ficial feeding commenced in the third month, a rate 
prevailed in that month which was 3.9 times, in the 
fourth month 5.0 times, and in the fifth month 6.1 
times the corresponding rates among breast-fed in- 
fants. In fact, the elimination of the group of prema- 
ture and plural births and of infants whose mothers 
died within one year after the births appears not to 
weaken, but even to strengthen, the evidence that the 
type of feeding had a cumulative effect during the 
early months of life. 

Two other questions remain for consideration. Was 
the excess mortality among artificially fed infants due 
in any part to a tendency for infants in the low income 
groups, or for infants of nationalities for which the 
mortality rates were high, to be artificially fed in larger 
proportions than those in groups for which the mortal- 
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ity rates were low? In other words, was the excess 
mortality, already shown to have existed among 
infants artificially fed, due to a difference that depended 
upon the type of feeding, or was it merely a reflection 
of differences in mortality connected with other causes, 
such as race or income? 


TABLE 27 
Prevalence of artificial feeding, by nationality of mother 
Infants in eight cities 


PER CENT 
COLOR AND NATIONALITY OF MOTHER OF ARTIFICIAL 

FEEDING* 
PRIMO PRCA err ast ALT Ae ee re ic A. tacts alae 24.9 
White...... SEE oh Dire Be Oe oe 25.2 
INEDISISS ss ste oe Beg ti = bent iar 08, So ani Ae Rar 28.3 
GTC Taree tener raisers Gs eres aane herria evar trets fore GARR 8a ce 21.2 
ere, Neepner eens eit Sarena tae lyin oi, seavstartie-ane bets o Balt 
LENE Tis, a pS eee OBS DOR AG OO ers oR OOO E ncn ies 
ENC aC ANAGIAN ceca crottreee eis oe ore cue el a 8 cree 44.0 
(XESS ELEN TS a5 5 Ss ent CCRC CLOUT. Chics OU CEE a aaa Palais) 
ZOU S Deere ORE EY cece cla te Seals aa, ol a! siatala alg ovals 1 bea 
LE ORGUOUESC epee te peter eee caeateeaicis cttecis axe eixCsa\nire%s 31.9 
GER wens ere ter pe eee eet teen erate Ais caita rs acciecr es 23.2 
[BOT Ky Rays ley ed Pact RS HOES SANA @ AN tn nea eae 19.7 


* Per cent based on total months lived during first nine months 
of the first year of life. 


The differences in the prevalence of artificial feeding 
in the several race and nationality groups are exhibited 
in table 27. The French-Canadian group had the 
largest proportion of artificially fed infants, and the 
Polish and Jewish had the lowest proportions. The 
nationalities with mortality rates above the average 
included the French-Canadian, the Polish, the Portu- 
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guese and the colored; of these two had high and two 
had low proportions artificially fed. Evidently the 
differences between the several groups tended at least 
in part to offset one another. When allowance was 
made, therefore, for differences in the prevalence of 
artificial feeding in the several nationality groups, the 
excess mortality ratio among the artificially fed as 
compared with the breast-fed infants was slightly, but 
only very slightly, increased, from 3.9 to 4.0. Hence, 
the correction for nationality did not appreciably affect 
the result. 

The relative ratio between the average mortality 
among artificially fed and that among breast-fed 
infants varied considerably from group to group, as 
shown in table 28. The excess mortality among 
artificially fed was only 2.2 times that among breast-fed 
in the Italian group, one in which both rates were 
relatively low; while among the native white the ratio 
rose to 5.3 and among the German to 5.6. 

So far as earnings of fathers were concerned, artificial 
feeding appeared to be more prevalent in the groups 
with high earnings, which had comparatively low infant 
mortality rates. Thus, of the months up to the end of 
the ninth lived by infants whose fathers earned under 
$550, 21.8 per cent were months of artificial feeding, as 
compared with 30.0 per cent of the months lived by 
infants whose fathers earned $1,250 and over. 

When allowance was made for this greater tendency 
toward artificial feeding in the higher income groups, 
the relative excess mortality among artificially fed as 
compared with breast-fed infants was slightly increased. 
As stated above (p. 81) for the first nine months of 
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life this relative excess was 4.8 times; but when the data 
for one city for which earnings were not exactly com- 
parable with the others were omitted, this relative 
excess was slightly altered to 5.1 times. Making the 
allowances for the negative correlation between arti- 


TABLE 28 
Relative excess mortality among partly breast-fed and exclusively 
artificially fed, as compared with breast-fed infants, by color and 
nationality of mother 


Infants in eight cities 


DEATHS AMONG INFANTS 


COLOR AND NATIONALITY OF Partly breast-fed Exclusively artificially 
MOTHER fed 
- rary q | Actual | Ratio roa q | Actual} Ratio 
PMIEMOCNETS an ser ecetes cae 207.7; 269] 1.3 | 261.2) 1,047) 4.0 
ILENE ES cote se Rn oie eC Re 172.41 240] 1.4 | 234.6] 963] 4.1 
INTERN Rio ioe aera Oana Seed Wes) akeze|) CEEay), i084) SS) 
MORCIG Maree matey. epets sia oe o¥ 119.1) 149] 1.3] 140.5} 460) 3.3 
GAULT copes eers-s ote score TOES See OO ee load, 30) 2.2 
WEWISIDE etcetera sera 12.8 GaeOLD 5.5 16)" 2.9 
French-Canadian...... 10.44 19] 1.8] 389.4 95) 2.4 
Germann sace seni nae 6.4 Soleeles Gre 30/9756 
IBOlIshte ncn oe hie cee 24.44 39] 1.6] 12.3 60} 4.9 
POrbuvueseiy. actos sees 10.1 24) 2.4) 17.0 73) 4.3 
Othersveqemacmcsie ae DO. c coum One46n4|) STI ons 
WOlGreday. na ancien noe. 35.3} 29] 0.8] 26.6 84) 3.2 


ficial feeding and earnings the excess mortality ratio 
was raised from 5.1 to 5.3. The correction resulting 
from this correlation is thus seen to be relatively slight. 
The relative excess mortality ratio of artificially fed 
infants in each of the principal earnings groups is 
shown in table 29. The ratio was much higher, 
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6.3, in the group with earnings ‘Under $550” than in 
the group with earnings of $1,250 and over, where it 
was only 4.1. It might well be that this difference in 
the ratio corresponded to differences in the type of 
artificial feeding or to differences in the care with which 
feeding was given in the various earnings groups. 


TABLE 29 


Relative excess mortality during first nine months among artificially 
fed as compared with breast-fed infants, by earnings of father 


Infants in seven cities 


DEATHS AMONG ARTIFICIALLY FED 
INFANTS DURING 


EARNINGS OF FATHER FIRST NINE MONTHS* 
Expectedt Actual Ratiot 
ETO Gal areescicate crstersrsuareve see ela tite a emia eetoiee 147.0 778 Des 
Winder $5505 i careers oles sa eerdinorear 50.4 315 6.3 
SIO DEAD saree traverascvere auasee ateereiaetere eieiete 62.3 313 Dell 
PEDO BI QAO vs carats spares aieleNaroveleloctane owiers ate 26.5 118 4.5 
Pie2h0rand Overs. sc anmeanerie cetera 7.8 32 4.1 


* Excluding infants in no earnings and earnings not reported 
groups. 

+ Expected, if the rates for breast-fed infants in each earnings 
group had prevailed among the artificially fed infants in the same 
group. 

t Ratio of actual to expected deaths. 


In conclusion, the analysis showed that artificial 
feeding, as actually practiced in typical city popula- 
tions, was associated with a mortality between three 
and four times as high as the mortality among breast- 
fed infants. This excess mortality was not to be ex- 
plained by the slight overweighting of the group of 
artificially fed with infants in certain groups charac- 
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terized by high mortality rates; and it appeared in all 
nationality and in all earnings groups, though with 
variations depending probably upon the particular 
conditions prevailing in the groups. 

It would be of especial interest to follow through 
these variations by nationality and earnings to discover, 
if possible, the causes of these differences. And it 
would be of great importance to demonstrate statisti- 
cally the influence upon mortality of the different 
types of artificial feeding, and whether in case of each 
of these types there appeared the cumulative effect 
that characterized the group of artificially fed infants in 
the present study. 


CHAPTER VI 
RAcE AND NATIONALITY 


The fact is well known that infant mortality rates 
differ markedly from race to race and from nationality 
to nationality. A comparison of rates in various coun- 
tries shows great differences; for example, the rate for 
New Zealand in 1922 was only 42 while that for Chile 
was 240. Table 30 gives a summary statement of the 
rates in the principal countries of the world for the 
year 1922, the latest year for which all the rates are 
available. 

The explanation of these variations is often difficult 
to discover. Differences between the rates for New 
Zealand and for Great Britain and Ireland—the 
nationalities being substantially the same—can be 
explained in part by the extraordinarily favorable 
climatic conditions in New Zealand, and in part by the 
special measures adopted in that country for the 
protection of infant life. But the question should also 
be raised for consideration whether in the settlement of 
New Zealand selection of the more hardy and vigorous 
stocks might not have played a part in producing the 
remarkably low mortality in the newer land. 

Certain questions of climate and other external 
environmental conditions can be eliminated by con- 
sidering infants of different racial origins born in the 
same country. In the United States, in which many 
nationalities are represented, data are available to show 
the infant mortality rates of these nationalities in 
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substantially the same environment, at least so far as 
climatic conditions are concerned. These rates are 
TABLE 30 


Infant mortality rates in the United States and certain foreign 
countries, 1922 


INFANT 
COUNTRY AND YEAR MORTALITY 
RATES* 
INTUTE IE cicle ang AY Ve eR eA aR RG AP AR O20 
ENUISUREIBN., ond pic ee ey Cairne My RP UR en a in Be AE Sa 153.9 
PSG LGU Seek hee chats a tehihle Side SESS Lele alee pee aoe 113.8 
(CUSIGe 356308 Ste ater CORE Pe OT IED ORE Meee a ea 240.2 
MB etananaa Karate Goh fares eave Gms fale Ses Siac Gd wa eiee nese Aa OR 68.8 
amu CISATIC ENV SUCH chat arsiece ses cicie'w efeisls ni Sonirecnyareiatoveeee a Vidal 
TPITOTE Oe | o, 6 ita Beek iatehe Sache IEC reas ees Pi REI EET RMR 99.2 
Germany..... BNE a fre aT Cee SEP aang Pet ashle arte 129.7 
LB WOR ian & Zed ge RIO Oe AGO Room Pa RO Oe See IEE 199.8 
RIP SHBETCCASUAGC. o:ca dg Sets clare niet iareae aiara-e snaleiowarmie cite ors 68.9 
EDD couh tre GSR ERR CONC OIG a RIOT eee 166.4 
MRO MING GICL ATIC See ecie ie chen Serna aie a ialaore cuss ce Ge sl oaee 11.3 
INGA ZAG T IT |r RRO EO EAC IC Con ear nee 41.9 
ISITE 75 Green oes Oe ERC ROE OI cae EC 54.9 
STOOL MESaNG Laie, osc occut SESE Alcste ciel PPD eee RU eae a en ee 101.4 
STIGMER | caddie Pole oa a ntko MEGS cn eRe enc Sanna ona 145.2 
SYN CCE IU Mpeea eae SOIL ire NNR a tA rah Nate skitsn seers ae Bets 63.1 
Shad erg LW ao le AC eh oe ee Fe eee re a ee 69.6 
WpLomrol- SOUtW ALTOS V4 -1a5- aca See erok oe doe oes 72.9 
United States Birth Registration Area................ 76.2 
NO TALC UL AY Brome ne en ee aco on She Sade one wiv eo 93.5 


* Deaths under one year per 1,000 live births. The figures as 
usually quoted for Belgium and the Netherlands exclude from 
both births and deaths a small number of deaths before registration 
of live born infants: the figures given above have been corrected so 
as to be comparable with the rates for other countries. The data, 
which were compiled from official sources, were furnished by courtesy 
of the United States Children’s Bureau. 


shown in table 31. In general, the several countries 
of origin maintain approximately the same relative 
position as in table 30, 
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The fact that the different nationalities show the 
same tendencies in this country as in their native lands 
so far as infant mortality is concerned may be due to 
the permanence of national customs and traditions 
affecting important features of the infant’s environ- 


TABLE 31 
Infant mortality rates, by race, and by country of birth of mother, 
United States birth registration area, 1922* 


INFANT 


RACE, AND COUNTRY OF BIRTH OF MOTHER MORTALITY 
RATES 
HOG: setae oats ease peer stee aaa ans eretedes Opyeietols ele ee skerere ters 76.2 
WHT G2 Aree c teeys h aicter peters 5 oe botayn are ate Ante teedareeast ren eRSore 73.2 
Waited Sta testa uahasinccvciaece sears ere sere 68.0 
BO) 0) (9 ARO et ee One o ORC ORCL ce acorInee 85.2 
AUST, SEL UNO ANY sae eerie che cre <ictaccon polio sees eae 94.0 
OF Noe k0 Cerner eta ARIA Salar tein Orit S eam oo Oe oOo 86.4 
Denmark, Norway, Sweden................--+-++- 59.2 
Bngland | Scotland: aWiealesaecn scare ernie 66.0 
Trelan died ma scecite are tiene rere oe een ere 83.0 
GOTT AD Y.23..s Gait eci eee aie ee Ree eee 72.9 
1G lh Pee mrt. Seen neh SaGueints bod eoooo Ope 81.7 
POlAN ares vtec oe kiero GREE aos sees tenis 105.9 
Le han nett on SoM dex, Saaatdalne sation Cunt 59.6 
Otherforelen GOUNtMOS: smersesernirerrc erect 100.5 
NOR TO eee aes sic we ia SR TR ROIS eS wb TET eae ae Ys 
Other colorediteadiet nee oe cere cleats ee eke Crete 89.9 


* Source: Birth, Stillbirth, and Infant Mortality Statistics for 
the Birth Registration Area of the United States, 1922. Eighth 
Annual Report, p. 52. 


ment, such as type of feeding, kind of care, employ- 
ment of physician or midwife at confinement, employ- 
ment of mother before childbirth,—customs which 
may be transferred bodily to the new country and pro- 
duce here the same results that they produced in the 
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native land. In short, this comparison merely raises 
more questions than it can answer. Nevertheless, 
it does suffice, perhaps, to reveal the limits of the influ- 
ence which climate or factors associated with climate 
exercise over infant mortality. 

In general, two types of explanation are advanced 
for differences in rates between different races and 
nationalities. One seeks the principal causes in innate 
or inherited characteristics; the other seeks them in 
acquired characteristics—customs and traditions—and 
in environing circumstances. Both explanations, of 
course, may be true in part, and, if so, the question is 
to what extent each is valid. The only method of 
answering this question is to eliminate the influence 
of one factor after another until as many factors as 
possible have been eliminated; and to study the final 
result in the light of these eliminations. In practice, it 
is easier to eliminate the influence of environmental 
factors, since they can be more easily measured and 
expressed in quantitative terms; to measure the effects 
of inborn qualities or characteristics is difficult because 
of doubt as to whether any particular quality is or is 
not an innate racial or national trait. On the other 
hand, a quality or characteristic the influence of which 
is obviously environmental may itself be affected by 
innate characteristics. 

Two examples may make these points clearer. It 
is sometimes alleged that the proportion of deaths in 
early infancy shows innate racial tendencies. But an 
analysis of these deaths shows that the rates vary 
with the economic position of the families, with the 
care which the mother received during pregnancy, 
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with whether or not the mother worked during the 
months immediately preceding childbirth, and with 
other factors which are obviously environmental. In 
studying the proportion of infant deaths or of prema- 
ture births, therefore, care must be taken to eliminate 
the influence of environmental factors before drawing 
any definite conclusion as to the precise importance 
which is to be attached to innate racial characteristics. 
As an example of the other sort, the influence of type of 
feeding, whether breast or artificial, is obviously en- 
vironmental. But, though this factor is itself environ- 
mental, the prevalence of breast feeding may be affected 
markedly by innate racial or national qualities. This 
question is, indeed, a moot point, some authorities 
holding that differences in the proportions of breast- 
fed infants are due largely to differences in the capacity 
to breast-feed, and others holding that these differences 
are not fundamentally racial or inherited but are pri- 
marily due to customs and traditions, or to knowledge 
or ignorance of the hygiene of breast feeding. 

The questions raised as between these two types of 
explanation of the significance of variations in infant 
mortality rates by nationality are well nigh unanswer- 
able. Nevertheless, in view of the unusual possibilities 
for analysis afforded by the detailed data secured by 
the Children’s Bureau, it will be of interest to trace the 
effect of eliminating the influences of the various com- 
plicating factors in order to ascertain what new light 
such elimination may throw upon these questions. 

The data afforded in these studies permit the elimi- 
nation, for example, of economic status as typified by 
the father’s earnings, of type of feeding, of differences 
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in prematurity and in plural births, and of the factors 
associated with variations in the birth rate. What is 
the effect of these eliminations? Do they materially 
alter the relative rank of the nationalities in their 
infant mortality rates? What influences associated 
with nationality are left after these factors are elimi- 
nated? What final conclusion, if any, can be drawn 
as to the relative effect of environmental and of heredi- 
tary factors in causing the differences in rates for the 
different nationalities? 

For the study of the influence of race and nationality 
each infant in the eight cities was classified according to 
the mother’s race—whether white or colored—and 
nativity—whether native or foreign born—and each 
one whose mother was foreign born was classified ac- 
cording to the mother’s nationality (mother tongue). 
The nationality of the mother, instead of that of the 
father, was selected for tabulation not only because an 
infant’s vitality depends in large part upon the mother’s 
health and condition during pregnancy but also because 
the care received depends upon the mother’s condition 
and to some extent upon the customs and traditions of 
the nationality to which the mother belongs. In par- 
ticular, the type of feeding is influenced by the national 
traditions and customs as to maternal nursing. Though 
the customs and traditions of the father’s nationality, 
in the comparatively few cases in which it differed from 
that of the mother,! might also have influenced the 
child’s welfare, the influence of such factors was exerted 


1 In one city for which a special tabulation of this point was made, 
1,911 infants out of 2,197 (87 per cent) had fathers and mothers of 
the same race and nationality group. 
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principally through the relation, if any, which national- 
ity bore to earnings. So far as the influence of innate 
inherited racial characteristics is concerned the fact that 
nearly nine-tenths of the fathers were of the same race 
and nationality as the mothers seems to indicate that 
the classification on the basis of the race and national- 
ity of the mothers would take into account the influence 
of these innate racial characteristics. 

To what extent were the differences in the rates 
according to nationality due to differences in type of 
feeding, earnings of father or other environmental 
factors, and to what extent were they traceable to 
hereditary or innate racial characteristics? 

The total effects of all the factors associated with 
nationality are shown, in table 32, in the infant mor- 
tality rates from the principal causes of death. The 
rates from all causes showed marked variations; the 
rate for colored was decidedly higher than that for 
white infants, 154.4 as compared with 108.3. Infants 
of foreign-born mothers had a considerably higher rate 
(127.0) than white babies whose mothers were born in 
this country (93.8). Among the foreign nationalities 
wide differences were found. The lowest rate was 53.5 
for infants of Jewish mothers—a markedly lower mor- 
tality than that in the native white group. The highest 
rate (200.3) was found for babies whose mothers were 
Portuguese. The infants of German and _ Italian 
mothers had relatively low rates—103.1 and 103.8, 
respectively; and those of Polish and French-Canadian 
mothers had relatively high rates—157.2 and 171.3, 
respectively. 

With one or two exceptions the nationalities held 
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about the same relative positions in mortality from each 
of the principal causes of death as they held in mortality 
from all causes. The infants of Jewish mothers, for 
example, who had the lowest rate from all causes, had 
by far the lowest mortality both from gastric and intes- 
tinal and from respiratory diseases and next to the low- 


TABLE 32 
Infant mortality rates, by cause of death and color and nationality 
of mother 


Live births in eight cities 


INFANT MORTALITY RATES FROM SPECIFIED CAUSES 


COLOR AND NATIONALITY OF pach R ks Ebi 

MOTHER an espir- pi- 
causes | FREES | BONY, Fnfanoy | mC | causes 

af diseases 

ARM on BIS EERE eA 111.2] 32.4) 19.6 | 36.1 hath |] aaj 
White 108.3] 32.6] 17.9 | 35.1 | 6.4] 16.4 
INIGRD AS aes eS 93.8) 25.2] 13.0)| 36.1 5.4 | 14.1 
BOretonepOLM ese ascs.c ar oe 127.0) 42.2) 24.2 | 33.7 | 7.7 | 19.2 
Ciro tis 0 ees ana 1037S |e 727.3 e300 (hore IL 1B eB? 
Jewish asa me cess 53.0| LOT5|) 8.9 | 22:7 4.9 6.5 
French-Canadian...... TiS) 64521 25.1 | 44.7 |" 6.5 | 30.7 
LOTION cee ernie ae LOS MeL ss On 3029) | VIG r 1525 
Leechs tig are So aee pemre emote T5521 64-.0)538.2>| 38.7 1 3-951 174 
Portuguese: «2.6. =. 200.3} 101.6) 50.8 | 20.9 | 14.9 | 12.0 
Other verntte tices 129.6} 38.5] 20.6 | 35.8 Sl || Aaa 
Colored aes eee 154.4) 28.1) 44.6 | 52:2 | 17.2 | 12.4 


est from epidemic diseases and from causes peculiar 
to early infancy. In the native white group, which 
had next to the lowest rate from all causes, the mor- 
tality was distinctly below the average from gastric 
and intestinal, from respiratory, and from epidemic 
diseases, and equal to the average from causes peculiar 
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to early infancy. The babies of German mothers had 
rates below average except from epidemic diseases. 
In the Italian group the mortality was below average 
except from epidemic and from respiratory diseases; 
from gastric and intestinal diseases it was next to the 
lowest. The infants of Polish and French-Canadian 
mothers had death rates from gastric and intestinal 
diseases that were twice as high, and those of Portu- 
guese mothers a rate from these causes that was over 
three times as high, as the average. In these three 
groups the mortality from respiratory diseases was 
markedly above the average; their rates from other 
causes were also high, except that the Portuguese had 
the lowest mortality of all from causes peculiar to early 
infancy and the Polish the lowest of all from epidemic 
diseases. 

In general, these findings call for no especial com- 
ment although it should be pointed out that the specific 
rates from the individual causes are really of more 
importance than the rates from all causes when it is a 
question of tracing the influence of environmental and | 
hereditary factors in mortality. For example, the 
influence of type of feeding, as developed in the preced- 
ing chapter, would be perhaps most strongly indicated 
in the mortality from gastric and intestinal diseases, 
while the influence of the employment of the mother 
during pregnancy might have its greatest influence 
over the death rate from causes peculiar to early in- 
fancy. Nevertheless, if the rate from all causes is 
high it is natural to expect that the rates from the 
individual causes which together make up the total will 
also be high. And in general the rate from all causes 
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in each nationality runs so closely parallel with the 
rates from the various specific causes that, in making 
allowances for the various factors correlated with 
nationality, the analysis can be simplified by consider- 
ing primarily only the general rates. 

The special cases, however, which show departures 
from this tendency deserve most attention; of these 
perhaps the most interesting is the exceptionally low 
rate from causes peculiar to early infancy which was 
found for the Portuguese group. This curious excep- 
tion to the general tendency for the rate from all causes 
to run parallel with the rates from the specific causes 
finds a partial explanation when a study is made of the 
figures for neonatal mortality. Variations in the neo- 
natal mortality rates—or deaths during the first month 
of life—run parallel with variations in the rates from 
causes peculiar to early infancy in each nationality 
group with again a single exception, the Portuguese. 
Though the Portuguese had the lowest rate of all from 
diseases peculiar to early infancy, their mortality 
during the first month of life was only slightly below 
the average. In other words, the variations in the 
neonatal mortality rates corresponded more closely 
than did those in the mortality from early infancy 
with the Variations in the mortality from all causes. 

Study of the deaths that occurred during the first 
month among the Portuguese infants indicated, how- 
ever, that a large proportion of them were charged to 
gastric and intestinal diseases; whereas among other 
deaths during the first month practically all were 
charged to causes peculiar to early infancy. In general, 
reports of deaths from gastric and intestinal diseases 
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during the first week or two of life are not to be credited. 
This marked difference suggests, therefore, that the 
diagnoses of causes were not equally satisfactory in 
the several nationality groups. On the other hand, 
the peculiar customs of early infant feeding found 
among the Portuguese, who frequently gave “‘sopa,”’ 
a soup containing softened crackers, to babies a few 
hours old, might perhaps account for the occurrence in 
this group of a particularly large number of deaths from 
gastric and intestinal diseases at ages under one month. 

The correlations between nationality and the rates 
for the several causes of death which have just been 
discussed relate to the total influences associated with 
nationality irrespective of whether they are due to 
conditions resulting from heredity or from environ- 
ment. The question should next be considered, to 
what extent is the total result explained by correlations 
with type of feeding, economic status, factors associated 
with the birth rate, or other specific factors? And, 
finally, when allowances have been made for these 
influences, what influence is left to be considered as 
associated with nationality? 

The two most important of the environmental influ- 
ences are type of feeding and economic status; these 
will be considered first. 

With respect to type of feeding marked differences 
were found between the customs of the different 
nationality groups. Of the months lived by the 
different groups of babies from birth up to the end of 
the ninth, those whose mothers were Italian had the 
largest proportion, 68.6 per cent, during which they 
were exclusively breast-fed, followed closely by those 
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of Polish mothers with 63.9 per cent, and by those of 
Jewish mothers with 61.5 per cent. The lowest pro- 
portion, 42.7 per cent, of months of breast feeding, was 
found for the French-Canadian group. 

The greatest prevalence of artificial feeding, on the 
other hand, was found in the French-Canadian group; 
the infants of French speaking mothers from Canada 
were fed artificially during 44.0 per cent of the months 
which they lived from birth to the end of the ninth. 
The Portuguese group came next with 31.9 per cent, 
followed by the native white with 28.3 per cent. The 
lowest proportions were for the infants of Jewish and of 
Polish mothers, 11.3 and 11.0 per cent respectively. 

Since the practice of artificial feeding was fraught 
with greatly increased hazards to the infants, these 
differences in the prevalence of breast and of artificial 
feeding in the several nationality groups were impor- 
tant in explaining differences between their mortality 
rates. 

With one or two exceptions, variations in the prev- 
alence of artificial feeding corresponded to variations 
in the infant death rates. Thus, the Jewish group, 
which had an unusually low proportion of infants 
artificially fed, had the lowest mortality, while the Por- 
tuguese group, in which a very large proportion of 
infants were artificially fed, had the highest mortality. 
As a noteworthy exception should be mentioned the 
practically equal prevalence of artificial feeding among 
the Jewish and the Polish infants, accompanied in the 
case of the Jewish group by a very low, but in the case 
of the Polish group by a very high, death rate. The 
mortality from gastric and intestinal diseases among 
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Polish infants was six times as high as that among 
Jewish. Evidently, the influence of similarity in 
prevalence of the several types of feeding must have 
been less powerful in these two groups than other fac- 
tors—differences perhaps in the quality of the artificial 


TABLE 33 
Relative mortality by nationality of mother, when inflwences of type of 
feeding and earnings of father are eliminated 


RATIO OF ACTUAL TO BXPECTED DEATHS* 


Eliminat- 
COLOR AND NATIONALITY OF Eliminat- | Eliminat- ing 
MOTHER On basis ing ing influences 
of average | influence | influence | of type of 
rate of type of | of earnings | feeding and 

feeding of father earnings 

of father 
WOU LE Gee ees. oa aR GSO o Orne 100.0 100.0 100.0 100.0 
Wihiteyermenc: deca comeee mine 97.4 96.9 99.2 98.3 
INISIAIES samigeercneEe noes owes 84.4 80.9 95.3 88.5 
Moreign-borlese masse 114.2 119.4 103.4 109.3 
IEDR Rn emman aces actor 93.4 109.9 76.6 86.8 
GW Shiscracr sae erae 48.1 55.6 48.1 49.3 
French-Canadian........ 154.0 127.9 154.9 12726 
Germany vik... chert, 92.7 94.2 92.7 97.0 
JRO) NE Str hiy ates OU L 141.4 169.5 118.1 149.5 
(Portuguese cnn oer 180.1 166.5 146.9 141.1 
AlikoGhertes wce oceans 116.5 119.9 106.2 106.5 
Colored eeeice ao 138.8 149.3 108.4 118.4 


* Per cent. 


food, perhaps in social and economic environment, 
perhaps in physical vitality. 

How would the nationalities have ranked if there 
had been no differences in prevalence of the different 
types of feeding? This question is answered by the 
figures in the second column of table 33, which gives 
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the ratio of actual to expected deaths when the influence 
of type of feeding has been eliminated. After making 
this allowance the Jewish group maintained the same 
position of leadership as before. The infants of native 
white mothers had the next most favorable rate; in 
this case, though the giving of artificial food was more 
prevalent than in any group except the French- 
Canadian and the Portuguese, the mortality among 
both the breast-fed and the artificially fed was low as 
compared with that among the breast-fed and the 
artificially fed infants of most of the other nationalities. 
The German group ranked more favorably than the 
Italian, though their rates were practically identical 
when no allowance was made for differences in feeding; 
in other words, in the Italian group a less favorable 
mortality experience associated with other factors was 
offset by a greater prevalence of breast feeding. The 
relative rank of Polish, French-Canadian, and Portu- 
guese infants was altered; the mortality in the French- 
Canadian group was changed to the lowest position, 
while that in the other two groups was left approxi- 
mately the same, but with the Polish slightly higher. 
The markedly greater prevalence of breast feeding 
among the infants of Polish mothers tended to offset 
an otherwise relatively very unfavorable mortality 
experience, and, therefore, before allowance was made 
for variations in the prevalence of breast and artificial 
feeding the rate for this group appeared lower than that 
for the French-Canadian or Portuguese infants. 

It is clear that, though differences in prevalence of 
breast and artificial feeding produced a decided influ- 
ence over the rates for the several nationality groups, 
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marked differences in mortality still remained to be 
accounted for by other factors. 

The second important cause of differences in environ- 
mental influences affecting the infant death rates of 
the various nationalities was economic status. Table 
34 shows striking variations between the nationality 
and race groups in the proportions of families in each 


TABLE 34 
Per cent of births in families in which the father earned less than. $650 
PER CENT OF 


LIVE BIRTHS IN 
FAMILIES IN 


COLOR AND NATIONALITY OF MOTHER WHICH THE 
FATHER 
EARNED LESS 

THAN $650 
M1 Roy ee Prenton sas Aone COLA ann ia Hero Simo CaO Cato UES e 42.4 
IWilaibit@hatencvccievaians “orcleterereuccterreis: sterareva arecoreveleners are erole rene rere See 39.6 
INDI b dace SEE ER SEED Ota OU GEO DO BRO Ase aos 27.4 
ROT ELON =DOLD Was cienais, kisehosaraiexsienone aiaietole setshaesesle ls oraate hake 55.3 
TG BITATI ss Senn sew etcote nieces toe Cee ae ae oe ener 1025 
VOWIBD Se Baron eats Cab ie reaaet ere iene Creer 44.5 
Hrench-Canadianwen. cn eae ae teieite te eerie 43.2 
Germaiy, cbs toe cn ae Oe OE eee 41.2 
POLISH ec parses 6 ois eevee EET aa etree rae: 78.3 
POrtu@uesens oo.) so os cismetnituers ee omvelsebsnatere tie remains 78.5 
Qn iYos drat aaa RAN ey Soper niciOr URED nolan iviotinadia es & 45.0 
COlOTEC cee a al vereiths Rare Poe ee 81.9 


of which the father earned less than $650 during the 
year following the birth of the infant. This proportion 
was highest for the colored group, in which 81.0 per 
cent of the births occurred in families the fathers of 
which earned less than $650 each; it was lowest, 27.4 
per cent, in the native white group. Marked differ- 
ences appeared between the various foreign nationali- 
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ties. Of these the German group had the lowest pro- 
portion, 41.2 per cent, of births in families the fathers 
of which earned less than $650, followed closely by 
the French-Canadian with 43.2 per cent and the Jewish 
with 44.5 per cent; the Italians, the Polish, and the 
Portuguese all had high proportions, 70.5, 78.3, and 78.5 
per cent, respectively, of births to such economically 
low-status fathers. 

A comparison of these percentages with the infant 
death rates given above shows that the differences in 
economic status, as measured by father’s earnings, 
run parallel with and correspond closely to differences 
in mortality. , 

What would the rates in the several nationality 
groups have been had there been no differences between 
them in economic level? This question is answered 
in the third column of table 33 which shows the rela- 
tive rank of the nationalities in infant mortality rates 
on the assumption that no differences existed in the 
proportions of families in the several father’s earnings 
groups. Several striking changes in relative position 
were found. The mortality among the colored infants, 
for example, no longer appeared so high as before; the 
high rate shown in the unadjusted figures seemed to 
have been largely a reflection of low economic status. 
Among the Polish, too, low earnings of fathers appeared 
to have accounted for a large part of the excessive in- 
fant death rate. The mortality among the children of 
Italian mothers likewise appeared much more favorable 
when allowance was made for the effect of their rela- 
tively low economic position; while the favorable 
experience of the infants of native white mothers 
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seemed to have been due, in part at least, to the com- 
paratively superior economic status of their fathers. 
In the French-Canadian group, on the other hand, a 
mortality considerably above the average appeared not 
to be accounted for by any differences in father’s 
earnings. And under this method of comparison the 
mortality among the Jewish infants still appeared 
lowest of all. 

The question as to what the relative rates in the 
different nationalities would have been if there had been 
no differences either in type of feeding or in economic 
status is answered by the figures in the last column 
of table 33. In two or three cases these two factors 
seemed to have offset each other. The mortality 
among the infants of Italian mothers, which was 
slightly below the average for the entire group, was 
influenced by two marked causes, exactly opposite in 
their effects,—an unusual prevalence of breast feeding 
and an unusually low economic status. When allow- 
ance was made for the former only, the rate appeared 
to be excessive because of the influence of low economic 
status; when allowance was made for the latter only, 
the rate appeared to be unusually favorable because 
of the influence of the favorable feeding. But when 
allowance was made for both factors together, as in 
the last column of table 33, the relative position of the 
Italian babies appeared only a trifle more favorable 
than than indicated in the original figures. 

Perhaps the effect of these eliminations may be 
summed up by saying that they appear to lessen the 
variations associated with nationality; the high rates 
especially appear to have been due to combinations of 
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unfavorable feeding and unfavorable economic status. 
But it is noteworthy that the mortality among the 
infants of Jewish mothers still maintained its remark- 
ably low relative position even after both these factors 
had been eliminated. 

Other eliminations were found to be of comparatively 
little importance. The factors which are associated 
with the birth rate,—age of mother, order of birth, 
interval since preceding birth, and interval before 
succeeding pregnancy ,—tended in part to offset one an- 
other and did not show in fact very great differences 
between nationalities. So far as age of mother was 
concerned, comparatively slight differences were found 
in the percentages of births to mothers of ages for which 
the infant mortality rates were above average,— 
namely, births to mothers under 20 and to those over 
35 years of age. The proportion was highest for the 
German group (30.4 per cent) and lowest for the Pol- 
ish group (19.0 per cent). With the exception of the 
German, French-Canadian and colored groups, the 
variations were confined within a range of less than 
5 per cent. Furthermore, these differences did not 
correspond in all cases to variations in mortality. 
For example, the Polish and Portuguese groups, though 
having high death rates, had low proportions of babies 
born to mothers of these ages, and the German, though 
having a relatively low death rate, had the highest 
proportion of babies born to such mothers. On the 
other hand, the mortality among the Jewish infants 
tended to be lessened slightly by a low percentage, and 
that among the French-Canadian infants tended to be 
raised slightly by a high percentage, of babies whose 
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mothers belonged to age groups which had high death 
rates. 

The variations in the proportions of births which 
were of orders fifth and later, for which the mortality 
rates were above average, were somewhat more marked. 
These proportions ranged from 19.0 per cent for babies 
of native white mothers to 42.6 per cent for those of 
French-Canadian mothers; but exclusive of the native 
white the percentages had a much narrower range, 
from 28.3 for the ‘‘other foreign”’ to 42.6 for the French- 
Canadian group. Except for these two groups, how- 
ever, the range of variations was within 10 points. 
The effect of making an allowance for these differences, 
then, was to raise slightly the figures for the babies of 
native white mothers and to diminish slightly those 
for the babies of French-Canadian mothers relatively 
to the rates for the other groups. 

Except for the very low percentage (16.4) for the 
Jewish group, comparatively little variation in the pro- 
portion of births following preceding births at short 
intervals—as measured by a difference of one year in 
the mother’s ages expressed in even years at the suc- 
cessive births—was found for the several nationalities. 
Again the range in these percentages was within 10 
points, except for the unusually low proportion of such 
births in the Jewish group. When due account was 
taken of disproportions in the weighting of the various 
groups with infants who were born within short inter- 
vals after older brothers or sisters, the most noteworthy 
point discovered was that the mortality among the 
Jewish infants appeared slightly more favorable as 
compared with that of other nationalities. 
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The influence of interval before a succeeding preg- 
nancy was not very important, since of the total months 
lived from birth until the end of the first year by all 
the infants in the one city for which this information 
was obtained only 4.7 per cent, or less than one- 
twentieth, were lived by infants after their mothers 
had again become pregnant. The proportion of 
births to mothers who became pregnant during the 
infants’ first year of life varied from 7.9 per cent in the 
Jewish to 25.2 per cent in the Italian group. Though 
these differences, the importance of which the per- 
centages tend to overstate, were not large enough to 
account for any great variations in the mortality rates 
for the several groups, the Jewish infants again seemed 
to have had the most favorable conditions. 

So far as such factors as premature birth, single or 
plural birth, and death of the mother are concerned, 
variations between the proportions of infants of the 
different nationality groups who were subject to each 
of these conditions were comparatively slight, and 
tended, moreover, to offset one another. The net 
result, therefore, of eliminating these factors was not 
significantly to modify the correlations exhibited by 
the original rates. 

The conclusions to be drawn from this analysis are 
not as definite, perhaps, as might be wished. The two 
most important complicating factors, economic status 
and type of feeding, were found partially to neutralize 
each other. At any rate, the elimination of these items 
did not by any means remove the variations which in 
the original results characterized the nationality rates. 
The only conclusions that can be reached, therefore, 
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are that some conditions other than those which have 
been considered in the present study are responsible 
for marked variations and that these conditions appear, 
so far as the present study can throw light upon them, 
to be associated with nationality. But whether the 
conditions which cause these marked variations are 
themselves environmental or are to be classed as 
hereditary in the racial sense can not be determined 
definitely. Nationality must still be regarded as an 
important factor in infant mortality, although the 
exact nature of its influence cannot be stated. 


CHAPTER VII 


Economic Factors! 


Many writers upon infant mortality have pointed out 
the correlation that exists between high infant death 
rates and low economic position.? Such a correlation, 
however, does not necessarily imply a causal connec- 
tion. For example, if a larger proportion of births in 
the low than in the high income groups were fifth 
and later in order, the correlation with order of birth 
might account for part of the relationship between low 
income and high infant mortality. Or, if a much 
larger proportion of the babies in the low than in the 
high income groups were artificially fed, such a corre- 
lation might be merely a reflection of a high mortality 
among artificially fed infants. Or, again, if a larger 
proportion of the babies in the low than in the high 
income groups belonged to races that were characterized 
by high infant death rates, such a correlation might be 
merely a reflection of the high rates prevailing among 
these races. 


1 Adapted by permission from Economic Factors in Infant Mor- 
tality, published in the Quarterly Publications of the American 
Statistical Association, Vol. XIX, pp. 137-155, June, 1924. 

2 See, for example, Prinzing, F., Handbuch der medizinischen 
Statistik, pp. 300-304. 

Westergaard, H. Die Lehre von der Mortalitaét und der Morbilitit, 
Anthropologisch-Statistische Untersuchungen, Jena, 1902, pp. 394- 
402. 

Hibbs, H. H., Jr. Infant Mortality: Its Relation to Social and 
Industrial Conditions, pp. 121-127, and others cited infra. 
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On the other hand, the correlation between income 
and infant death rates may be found to be explained in 
part by correlations between such rates and employ- 
ment of the mother, housing congestion and other 
economic factors. In these cases, if it is shown that 
employment of the mother and housing congestion 
are themselves causally influenced by low income, the 
responsibility of low economic position for high infant 
mortality is not lessened by the presence of intermediate 
factors in the chain of causation. 

Evidently, therefore, a thorough study of the relation 
between poverty and infant mortality requires material 
for and methods of analysis that permit of distinguish- 
ing between these and other different possible explana- 
tions of any correlation found between the two. 

The information available from birth and death 
certificates which bears upon the economic position of 
families in which children are born is limited to the 
father’s occupation, from which inferences may be 
drawn as to his economic status. On this point an 
analysis of the English statistics for 1911 shows that 
the mortality rate for legitimate infants in the upper 
and middle class (76.4) was much lower than in the 
intermediate (106.4) or in the wage-earning (132.5) 
class.2 But not only are the occupations difficult to 
classify according to economic status in many instances, 
but the procedure of treating all persons having the 
same occupation as if they had the same economic 
position tends to obscure any effect which economic 


3 Stevenson, T.H.C., 74th Annual Report of the Registrar General 
of Births, Deaths, and Marriages in England and Wales, 1911, Cd. 
6578, pp. xl-xlv, 73-92, especially p. 88. 
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position may have. Furthermore, with the limited 
information available, the elimination of the influence 
of other factors, such as prevalence of artificial feeding 
or of a high birth rate, is difficult if not impossible. 

In most studies of the subject, therefore, recourse has 
been had to some indirect method of measuring the 
influence of economic position. Comparative figures 
of infant mortality for the different wards of a city or 
for different cities or districts are correlated with indices 
of economic status for the same areas. As indices 
have been used, for example, the average income,‘ the 
proportion of domestic servants in the female popula- 
tion,’ and the proportion of persons in receipt of poor 
relief.6 Not only are these indices relatively unsatisfac- 
tory but also, because of the indirectness of the method, 
the influence of economic position tends to be obscured 
and the elimination of other factors, such as type of 
feeding’ or the “birth rate,’ becomes especially 
difficult.® 


4 Neefe, quoted in Prinzing, F., Handbuch der medizinischen 
Statistik, p. 302. 

5 Great Britain. Thirty-ninth Annual Report of Local Govern- 
ment Board, 1909-1910. Supplement to the Report of the Board’s 
Medical Officer containing a report by the Medical Officer on Infant 
and Child Mortality. Cd. 5263, p. 55. 

6 Groth, Alfred, M.D., and Hahn, Prof. Martin, M.D., ‘‘Die 
Sauglingsverhiltnisse in Bayern.’’ Zeitschrift d.k. Bayerischen- 
Statistischen Landesamts, 42nd year, 1910, No. 1, pp. 78-164, es- 
pecially p. 101. 

7 Differences in type of feeding asa possible explanation of the 
higher mortality found among the babies of the poor are eliminated 
in some of the studies by evidence that artificial feeding is less prev- 
alent among the poor than among the rich. See, Infant and Child 
Mortality, Cd. 5263, pp. 54-55; Prinzing, Handbuch der medizinischen 
Statistik, pp. 300-304. 

8 Greenwood, M., Jr., and Brown, J. W., in ‘‘An Examination of 


126 INFANT MORTALITY AND ITS CAUSES 


The conclusions presented in the present chapter are 
based upon records for over 21,000 legitimate live 
births which occurred between November 1, 1912, and 
December 31, 1915, in seven American cities studied by 
the United States Children’s Bureau.* This material 
offers a comparatively large mass of data which permits 
not only of showing the direct correlation between the 
infant mortality rate and such economic factors as 
father’s earnings, housing congestion, and mother’s 
employment, but also of isolating the influence of each 
of these factors from that of the others and from that 
of such factors as type of feeding and race and national- 
ity of mother. 

It should be emphasized that the various measure- 
ments of social and economic conditions used in the 
analysis are in every case applied directly to the particu- 


Some Factors Influencing the Rate of Infant Mortality,’ Journal of 
Hygiene, Vol. XII, pp. 5-45, applied to the material secured by 
Groth and Hahn for rural communes and urban districts in Bavaria 
the method of partial correlation to separate the influence of the 
economic factor from those of artificial feeding and the birth rate. 
Their conclusion, based upon the rural communes alone, was a nega- 
tive one—that the evidence did not show that the average infant 
mortality rate in the rural communes varied significantly (i.e., 
with respect to the probable error) with the average economic posi- 
tion of the commune as measured by the proportion of persons in 
receipt of relief, when prevalence of artificial feeding and the birth 
rate were held constant (p. 34). 

Reference should be made also to the correlation of cyclical 
changes in industrial conditions with changes in infant mortality 
rate. See W. F. Ogburn and Dorothy 8S. Thomas, ‘‘The Influence of 
the Business Cycle on Certain Social Conditions,’’ Journal of the 
American Statistical Association, Vol. XVIII, pp. 335-337. 

* Johnstown, Pa., was omitted from tables showing father’s 
earnings because the classification of earnings used in the report on 
infant mortality in that city was not exactly comparable with that 
used in the reports for the other seven cities in the series. 
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lar infants whose chances of life might be affected. 
Thus, the data on the father’s earnings relate to the 
amount earned during the year immediately following 
the baby’s birth, that is, during the period when these 
earnings would be associated most closely with the 
baby’s chances of life; the information on the mother’s 
employment relates to work during the period of 
pregnancy preceding and during the year following the 
infant’s birth; and housing conditions relate to the 
house in which the family lived during the infant’s 
first year. 

The method of securing the data, so far as they could 
not be obtained from birth and death records, was by 
interview with the mother. On most of the questions 
studied—the infant’s feeding, nationality (mother 
tongue), housing conditions, etc., the mothers were in 
the best position to give satisfactory information. 
With regard to fathers’ earnings the mothers were asked 
not only as to the total amount, but also as to wage 
rates, periods of unemployment and sickness, etc. 
If discrepancies were found—for example, if the time 
at work at the stated wages would not have yielded the 
total amount said to have been earned, or if the mother 
could not give the information—the data were secured 
later from the father. In case the father had died or 
had deserted previous to the birth of the infant or dur- 
ing the year following, the amount used was what he 
actually earned during that part of the year when he 
was contributing to the support of the family. Ina 
few cases, therefore, in which the father deserted or 
died during the year, the amount of his earnings which 
the family had to live on was much below his normal 
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earnings for a full year; and in other cases in which the 
father had died or deserted prior to the birth of the 
child, he was classified as having ‘‘no earnings.” These 
cases were not numerous, but they are mentioned in 
order to emphasize the fact that the reports of earnings 
were not, and should not be interpreted as, statements 
either of yearly wage rates or of total family incomes. 

In most of the cities studied the statements of earn- 
ings thus secured were not compared with pay-roll 
data nor was information obtained from employers. 
In the city of Manchester, however, in which a very 
large proportion of the fathers of infants included in the 
study were employed in the textile mills, the mothers’ 
statements of fathers’ earnings were compared with the 
amounts as shown on the pay-rolls. For this city it was 
found that, although on the whole the statements of 
the mothers tended to exaggerate slightly the amounts 
actually received,!® when the data were classified 
according to the earnings as stated by the mothers the 
results were substantially the same as when they were 
classified according to the amounts derived from the 
payrolls. The comparison of the results of the two 
methods of securing information as to earnings in this 
city seemed to indicate that the data secured in other 
cities by interviewing the mothers were substantially 
accurate. 

Besides data on the father’s earnings, information 
was secured as to the amounts earned by the mother 
and by other members of the family, and as to other 


10 Since the material is used simply to show the correlation be- 
tween earnings and mortality, a uniform error of overstatement 
would not affect the validity of the conclusion. 
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sources of income. The information obtained on these 
points was not considered, however, so reliable as that 
on the father’s earnings. The earnings of mothers, for 
example, were derived largely from keeping lodgers 
and boarders, and when this was the source it was 
difficult to separate the net from the gross receipts. 
In determining total family income, moreover, not only 
were net receipts difficult to secure in cases, for example, 
of income from rents of houses owned but not lived in 
by the families, but also perplexing questions arose as 
to whether a given item, for example, money borrowed 
or money returned, constituted true income. Further- 
more, difficulties in comparing incomes arose from the 
fact that:some families may have invested their savings 
in the homes occupied by them and, though neither 
receiving nor paying rent, may have incurred various 
expenses connected with such ownership, while others 
may have invested their savings in such a way as to 
secure definite cash incomes. For the purposes of this 
study the amount which it would have been most 
desirable to know was the portion of the income spent 
for the subsistence and maintenance of the family or, 
better still, the portion actually expended for the 
infant’s maintenance and in ways that would influence 
the infant’s health, including expenditures for the 
health of the mother. Since, however, this amount 
could not be ascertained and even the total family 
income was subject to so much doubt, the data on 
father’s earnings appeared to furnish the nearest ap- 
proximation to a satisfactory measure of the effect of 
economic status on infant mortality. These data, 
therefore, have been used as the principal basis of classi- 
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fication, a procedure which seems, moreover, as will 
be shown later, to be justified by the correlation found 
between father’s earnings, total income, and father’s 
earnings per capita of members of the family. 

All these data relating to amounts of earnings, it 
should be emphasized, were secured before the marked 
rise in prices and wages during and following the war, 
and since the time from the first to the last study of the 
series was relatively short—about three years—the 
figures for annual earnings in the different cities, so 
far as changes in the level of prices and wages are con- 
cerned, may be considered fairly comparable. 

Classifying each case according to the earnings of the 
father during the year immediately following the birth 
(so far as these earnings were available for the family), 
table 35 shows a marked relationship between infant 
mortality and father’s earnings. The higher the earn- 
ings the smaller the proportion of deaths. For infants 
whose fathers earned less than $450 the rate was 166.9, 
as compared with only 59.1 for those whose fathers 
earned $1,250 or over. The group of babies whose 
fathers were classified as having ‘““No earnings” had the 
highest rate of all, 210.9. 

The distribution of births in the several father’s 
earnings groups is shown also in table 35. A striking 
fact was the small proportion, only 10.5 per cent, of 
the infants studied who were born in families in which 
the father earned more than $1,250. On the other 
hand, 41.0 per cent were born in families in which the 
father earned less than $650. 

In practice the father’s earnings, except perhaps in 
the comparatively small group in which they exceeded 
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$1,250, constituted in the vast majority of cases by far 
the largest part of the family’s income, and in fact 
may be said to have determined its economic status. 
In Baltimore, for example, only 7 per cent of the 
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Infant mortality rates, by cause of death and earnings of father 
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$450 to $549........ 2,827) 355)125.6/44.9/23.3/35.4) 6.4/15.6/46.0 
$550 to $649........ 2,908} 339/116. 6/36. 5)18.9)37.5) 9.3)14.4/43.3 
$650 to $849........ 5,050) 543/107.5)27.1)19.6|37.4) 5.5)17.8146.5 
$850 to $1,049...... 3,345) 277) 82.8]19.7/13.5/30.2) 4.2/15.2/38.0 
$1,050 to $1,249...... 1,391] 89) 64.0) 8.6) 7.9/25.9] 3.6)18.0/33.1 
$1,250 and over...... 2,252) 133] 59.1) 8.0) 6.2/382.4) 2.2)10.2/38.2 
INGIGATOIN GS ere. fee 313) 66/210.9)86.3)/47.9)41.5)16.0)19.2|60.7 
Not reported......... 365} = 51/189.7/41.1)16.4/49.3)16.4/16.4)/41.1 


* Deaths under 1 year per 1,000 live births. 
{+ Deaths under 1 month per 1,000 live births. 


families had any income from insurance, investments, 
or rents from tenants outside their own dwellings; 
the proportion was greatest, as would be expected, for 
families which were classed in the group $1,250 and 
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over on the basis of father’s earnings." In a consider- 
able proportion, 23 per cent, of the families the earnings 
of the father were supplemented by those of the 
mother or of. children, but the amounts received 
from these supplementary sources of income were 
small. In about half the cases the mother’s gross earn- 
ings were less than $150. The amounts reported for 
the children were on an average higher; in about half 
the cases the total earnings of all the children in the 
family who worked amounted to $300 or over. If the 
classification had been based on family income instead 
of on father’s earnings, about one fifth of the entire 
number of infants would have been placed in higher 
groups, but the other four fifths would have been 
placed in the same groups by either method. 

Classifying the births both by father’s earnings and 
by total family income indicated, surprising as it may 
appear, that in families with equal amounts of father’s 
earnings the infant mortality rate was higher when 
more was contributed to the income from other sources, 
in the majority of cases from the earnings of the mother 
or of older children. This is doubtless explained in 
part by the influence of the mother’s employment in 
increasing infant mortality, and partly by such factors 
as high order of birth for infants in families which had 
children old enough to be employed. 

The significance of father’s earnings in terms of 
economic pressure is shown in table 36, which sets forth 
the correlation between the amount of these earnings 


11 See Infant Mortality: Results of a Field Study in Baltimore, 
Md., Based on Births in One Year, by Anna Rochester, U.S. Child- 
ren’s Bureau Publication No. 119, p. 35. 
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and their distribution per capita of the members of 
the family. The estimated median per capita income 
from father’s earnings increased from $101 for the 
group “Under $450” to $338 for the group ‘$1,050 to 
$1,249,722 


TABLE 36 


Proportion of births in families having per capita income from fathers’ 
earnings of less than $100, and median income per 
capita, by earnings of father 


Live births in seven cities 


PER CENT OF 
LIVE BIRTHS IN 


EARNINGS OF FATHER BETES aes encaae 
veencarms, | "inci 
THAN $100 
BOCA aiocrcsise sci « Neisiets cote seo Srcaoeiancons 17.1 $177 
TIC OL Ee AU sereetearie cievesavere ore crarsieict ainicis sincere’ 49.0 $101 
PE DULCOMEE GOS OMretes. croc u tacfeitiom eae see es 30.2 $129 
PODOEL OMB GOA atc acre fii caesbiw's wie sueteievenies. Wace $161 
DODO RCO MEE DOI rreeieaioares oie iera iota ajate erate bell $234 
SSDURE ORD IE OLD eee oct \sishuiaeieie clselsieieleress s.0°8 123 $265 
SIROSORCO BIE 249 oe rie ea oie ce tie viccie sie ate 0.1 $338 


* Income from father’s earnings only. 

t Excludes births in families in which fathers earned $1,250 and 
over, or had no earnings, and those in which earnings or number in 
family were not reported. 


12 Tn this calculation the group $1,250 and over was not considered; 
for the rest the father’s earnings in each family were assumed to be 
equal to the middle amount in the group in which it was classed, thus, 
$500 for families in the group ‘‘$450 to $549,’’ $600 for those in the 
group ‘$550 to $649,”’ ete., and the per capita income was found by 
dividing by the number as reported in each family. For the group 
“Under $450’’ an arbitrary figure of $400 was set as the approximate 
average earnings for purposes of this calculation. 
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Since the average number in the family was slightly 
greater in the lower than in the higher father’s earn- 
ings groups, the variations in economic pressure ap- 
peared slightly greater than variations in the earnings 
themselves. In other words, as the father’s earnings, 
which constituted the bulk of the family income, de- 
creased the economic pressure increased at a slightly 
more rapid rate. In general, the lower the earnings 
the greater was the economic pressure as indicated by 
their distribution per capita. 

Though the differences between father’s earnings 
groups may, therefore, be taken as indicating differences 
in average per capita incomes or in average economic 
pressure, in each group were included some families 
that would have been placed in a relatively higher, and 
others that would have been placed in a relatively 
lower, position on a per capita income scale than on 
the father’s earnings scale. If the families were all 
classified, therefore, on a per capita income scale, the 
true influence of economic pressure—or, if extreme, of 
poverty—as a factor in infant mortality would be more 
clearly presented. 

In table 37 the result of a classification of births by 
per capita amount of father’s earnings is presented for 
all the infants born in families in which the father 
earned less than $1,250, that is, for those groups in 
which the father’s earnings most closely represented 
family income. ‘The relationship shown by this group- 
ing between economic pressure and the infant mor- 
tality rate was even more striking—as indeed would be 
expected—than when no account was taken of the 
number of members in the family for whom the earn- 
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ings had to provide. The conclusion seems justified, 
therefore, that an analysis based on father’s earnings 
alone yields substantially the same results as an analysis 
based on father’s earnings per capita of his household 
and gives, in fact, trustworthy evidence as to the rela- 
tion of economic need to mortality among the infants 
studied. The following discussion, therefore, runs in 
terms of father’s earnings, except where the number in 


TABLE 37 
Infant mortality rates, by per capita income from father’s earnings 
Live births in seven cities 


: INFANT 

PER CAPITA INCOME FROM FATHER 8 BARNINGS MORTALITY 
RATES 
TROIS sce et et aR Sg Ge er Pen = ae serene 113.9 
MRE SEL NAD TSO wees ieee ee eas ore slog Meta 215.9 
SHO mlesseeDaneplOOmes ars. octet oemcuke ne altos bo be 141.8 
SlOOmlessat Manes 2002 ear emilee caitercre semicne + see eerecles 123.2 
S200 mlessnthanrg4 OO reper seep teier stale ticle sversiavecsealeainls sravsioveie!s 96.1 
SAGO FANOUOV.CT ee eee rat oe te vial obvate wins wash 60.5 


* Excludes births in families in which fathers earned $1,250 and 
over, had no earnings, or earned amounts which were not reported, 
and a few cases in which the number in the family was not reported 
or in which the infant lived in an institution. 


the family has to be taken into consideration as one of 
the items of the analysis. 

Not only did the general rates of infant mortality 
decrease as the earnings of the fathers increased, but, 
with one or two exceptions, the rates from the several 
causes, as shown in table 35, exhibited the same 
tendency. The mortality from gastric and intestinal 
diseases showed, perhaps, the most marked variation 
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by earnings, the rate in the lowest earnings group, 
“under $450,” being seven and one half times that in 
the highest, ‘‘$1,250 and over.” 

The mortality from respiratory diseases likewise 
showed a marked negative correlation with father’s 
earnings. For the infants of fathers who earned less 
than $450 the rate was 33.4, as compared with 6.2, 
less than one fifth as high, for those of fathers who 
earned $1,250 and over. As would be expected, the 
mortality among the babies whose fathers were re- 
ported to have had ‘‘No earnings” was highest of all. 

Similar correlations appeared for the other causes of 
death. From epidemic diseases the lowest mortality 
was found to have been in the father’s earnings group 
‘$1,250 and over,” and the highest in the two groups 
“No earnings’ and “Under $450.” Likewise from 
causes peculiar to early infancy the rates for the infants 
of fathers who had the lowest earnings were higher 
than for those of fathers who earned $850 and over. 

The correlations just discussed are the total correla- 
tions associated with differences in earnings. As al- 
ready noted, they may arise from a causal relation 
between poverty and the death of babies or may con- 
stitute merely a result of the association of low earnings 
with greater prevalence of artificial feeding or with 
other factors that, though not themselves a result of 
insufficient income, appear to cause high infant mor- 
tality. Before concluding that the association of ex- 
cessive mortality with low earnings proves that a high 
infant death rate is a direct result of poverty, the ques- 
tion must be answered—Is this correlation due to the 
influence of other causes? Three other causes or 
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groups of causes should be considered in this connec- 
tion: type of feeding, color and nationality of mother, 
and the group of factors associated with frequency of 
births. 

Since the mortality among the artificially fed infants 
was found to have been three or four times as high as 
that among the breast fed,!* the inquiry is pertinent in 
this connection—Was the high rate among infants in 
families in which father’s earnings were low due to an 
unusual prevalence of artificial feeding in those families? 
The analysis shows that, on the contrary, the giving of 
exclusively artificial food was markedly less prevalent 
in the low than in the high income groups. Of the 
months lived from birth up to the end of the ninth by 
babies whose fathers earned less than $450, 22.0 per 
cent were months of artificial feeding, as compared with 
30.0 per cent of those lived by babies whose fathers 
earned $1,250 or over. Evidently, therefore, no part 
of the excess mortality among infants in the low income 
groups can be explained by any greater tendency 
toward artificial feeding in these groups. 

Since infant mortality varied markedly in the differ- 
ent race and nationality groups“ the question should 
next be examined—Were the infants of the groups in 
which the mortality rates were high found in dispro- 
portionate numbers in the low income groups? The 
race and nationality groups in which the infant mor- 
tality rates were above average, as already shown, 
were the Portuguese with a rate of 200.3, the French- 
Canadian with a rate of 171.3, the Polish with a rate of 


13 See Chapter V. 
14 See Chapter VI. 
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157.2, the colored with a rate of 154.4, and the group of 
“other foreign’’® nationalities with a rate of 129.6. 
These five groups included 32.3 per cent of all the in- 
fants. But the earnings group ‘Under $450” included 
55.0 per cent of the infants of these five race groups, 
while the group “$1,250 and over” included only 10.0 
per cent. This markedly disproportionate weighting 
of the low income groups with infants of races with 
higher than average infant mortality rates might 
account, therefore, for part of the tendency toward 
high mortality in the low income groups. 
Nevertheless, that this correlation with nationalities 
which had high infant mortality rates accounted for 
but a relatively small part of the excess mortality asso- 
ciated with low earnings is apparent from table 388. 
In each of the principal color and nativity groups, the 
native white, the foreign-born white and the colored, 
the relation between low earnings and a high infant 
death rate was striking. And among the native white 
infants alone—a group uninfluenced by any dispro- 
portionate weighting with colored or with foreign- 
born nationalities—the relation between mortality 
and father’s earnings was even more striking than in 
the entire group studied. Furthermore, the differ- 
ences between the average mortality rates in the 
three race and nativity groups appeared to have 
resulted largely from the unfavorable weighting of the 
foreign-born white and the colored with dispropor- 
tionate numbers of infants in the low earnings groups, 
for the differences between the rates for the infants of 


16 Includes foreign-born nationalities except Italian, German and 
Jewish and those mentioned in the text. 
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the foreign born and colored mothers were relatively 
slight when comparisons were made within groups 
where earnings were substantially equal. The high 
rate of 166.9 in the earnings group “Under $450,” for 
example, was not increased by the inclusion of a dis- 
proportionate number of infants of colored mothers, 


TABLE 38 


Infant mortality rates, by color and nativity of mother and earnings 
of father 


Live births in seven cities 


INFANT MORTALITY RATES 


EARNINGS OF FATHER 


Total | ‘vhite |borm white | Colored” 
Average..... ahcoh ona set ye 110.0 93.9 123.7 152.3 
Winder $450.2... ceoes 166.9 170.0 167.1 162.7 
$450 to $549............. 125.6 121.0 118.4 163.7 
$550 to §=$649............. 116.6 110.8 121.8 122.8 
SG50 CO $849 eosin 107.5 99.5 119.6 102.7 
$850 to $1,049............. 82.8 76.4 94.9 
$1,050 to $1,249............. 64.0 62.6 68.4 
Sip AO and over. an cee 59.1 57.6 60.0 
INOfeaTnIngs.. fone. 6. eee 210.9 187.5 234.2 
INOtireportedaiss +4 ssa Lond 154.7 129.5 


* Not shown where base is less than 100. 


since the rate for such infants in this particular earnings 
group was in fact not so high as that for the infants of 
native white mothers. The conclusion may fairly 
be drawn, therefore, that the relationship found be- 
tween low earnings of fathers and high infant mortality 
was not due to, but was independent of, the correlation 
between low earnings and color and nativity.” 


16 A separate analysis of the rates by nationality of the foreign- 
born group leads to a similar conclusion; namely, that the relation- 
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The third factor or set of factors which must be con- 
sidered as having a possible influence in producing the 
correlation between low earnings and high infant mor- 
tality is the group of factors associated with frequency 
of births, including age of mother, order of birth, inter- 
val since preceding birth, and interval before succeed- 
ing pregnancy.}7 

Low economic status was found to be correlated with 
each of the four factors associated with birth frequency. 
The low earnings groups included a disproportionate 
number of infants of orders fifth and later, of those 
born to mothers under 20 or to those 35 years of age or 
over, of those who followed preceding brothers or sis- 
ters after short intervals, and of those whose mothers 
became pregnant during their first year of life—all 
four divisions which had higher than average mortality 
rates. In no case, however, was there any very great 
difference between earnings groups in the proportions 
of births in these four divisions. The percentages of 
infants born to mothers under 20 or 35 years of age or 
over varied only from 30.7 for those whose fathers were 
classified as having had no earnings to 20.1 for those 
whose fathers earned $850 to $1,049. For short inter- 
val births the percentages varied from 29.4 per cent in 
the group “Under $450” to 20.4 per cent in that 


ship between low earnings and high infant mortality rates was, on 
the average, practically as marked within each nationality group as 
in the group as a whole. 

17No “birth rate’? applicable and peculiar to each individual 
infant can be calculated. The influence of the “birth rate’ as a 
causal factor must, therefore, be of composite character and the 
joint resultant of the factors, age of mother, order of birth, interval 
since preceding birth, and interval before succeeding pregnancy. 
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“$1,250 and over.’’ For infants whose mothers be- 
came pregnant again during their first year of life the 
proportions varied from 16.1 per cent in the group 
“Under $450” to 7.9 per cent in that “$1,250 and over.’’!8 
The most marked variations were found between the 
percentages of births of orders fifth and later, which 
varied from 34.5 in the earnings group ‘“‘Under $450” 
to only 18.1 in that ‘$1,250 and over.” 

Not only were these differences comparatively small, 
but to a certain extent the four factors, order of birth, 
age of mother, interval since preceding birth, and inter- 
val before a following pregnancy, were interrelated. 
Births of high orders were commonly to mothers of 
older ages, and were frequently associated with short 
intervals. 

The problem of isolating the influence of these factors 
from that of low income over the infant mortality 
rate offers some difficulty. The most appropriate 
method of analysis is Westergaard’s method of ex- 
pected deaths which is used in constructing table 39." 
The first column shows for each earnings group the 
ratio of actual deaths to deaths that would have been 
expected if the average rate of infant mortality for all 
births had prevailed in each earnings group, forming a 
series of ratios which states simply the total correlation 
of earnings with the infant mortality rate. The second 
column shows a series of ratios that expresses the rela- 
tion between earnings and mortality after the influences 

18 In the ‘‘No earnings” group, including families in which the 
father died or deserted or was sick or unemployed during the entire 
year, very few, only 1.4 per cent, of the mothers became pregnant 


during the infant’s first year. 
19 For a discussion of this method of analysis, see Chapter IV. 
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of age of mother and order of birth have been elimi- 
nated. A comparison of the second with the first 
series of figures shows that the correlation between 
earnings of father and the infant mortality rate was 
reduced by the elimination of the influence of age 
of mother and order of birth combined, but that the 


TABLE 39 
Relative infant mortality by earnings of father, with influence of age 
of mother and order of birth, and of influence of interval 
since preceding birth, eliminated 


RATIO OF ACTUAL TO EXPECTED DEATHS* 


Expected Expected 

EARNINGS O FATHER prcacmnitean < vices’ pipet ie =e 
eee order of rates for interval 
hari hee birth and | all births; since 

coven cig] op AE, oy | Baltmor® | proveding 

HROtaleen. sic. oc so eeerea ae 100.0 100.0 100.0 100.0 
Winder’ $450 2.5 in st tse 152.8 142.5 151.4 140.3 
$450 to $549............. 113.5 108.8 114.0 116.9 
$550 to $649............. 103.0 101.1 105.1 100.5 
$650)to, $849. v2 o2n. cee 98.0 98.8 92.8 96.5 
$850: to $1,049... 6... e cee 75.4 78.1 69.1 66.1 
SIROSObOrg lm 24 9 eee 59.0 61.9 64.3 66.9 
Si-250vand overs. - cece 54.5 59.6 62.5 60.8 
INOFCATMIN GS openers 200.0 191.6 200.7 21154 
INobreportedessecseeemette 130.1 128.6 135.5 131.1 


* Per cent. 


reduction was relatively slight; the effect of eliminat- 
ing the influence of these factors did not alter materially 
the marked correlation between low earnings of father 
and a high mortality rate. The next two columns of 
the table show the effect of eliminating interval since 
the preceding birth; in this case the series of ratios 
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after the influence of interval has been eliminated 
should be compared with the series in the third column, 
which, however, shows a trend quite similar to that 
indicated in the first column. The effect of eliminat- 
ing the influence of interval since preceding birth as a 
factor evidently did not change significantly the excess 
mortality associated with low income. The correla- 
tion between a high infant mortality rate and low in- 
come was still as marked as before. 

Unfortunately the births for which interval was avail- 
able included only about half those for which other 
data were obtained and the number was too limited to 
permit of eliminating jointly all three influences— 
age of mother, order of birth and interval since preced- 
ing birth. But since the net result of eliminating the 
last mentioned factor was practically not to alter the 
trend of the rates by father’s earnings, and since the 
effect of eliminating the other two was slight, the con- 
clusion may fairly be drawn that even after the elimi- 
nation of all three factors together there would still 
be found the same marked correlation between low 
income and high infant mortality. 

No attempt was made to eliminate the effect of inter- 
val before succeeding pregnancy, since the analysis 
showed that the possible influence of this factor was 
limited to less than one twentieth of the months 
under one year of age lived by all the babies in the 
study. ‘This influence was found to be due largely to 
the greater prevalence of artificial feeding among in- 
fants whose mothers had become pregnant again dur- 
ing their first year and, therefore, so far as the effect of 
this factor on the relation between economic status 
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and infant mortality is concerned, it was offset by the 
smaller proportions of other babies of the same earn- 
ings groups who were fed artificially, with the net result 
already mentioned that fewer babies of the low than of 
the high earnings groups were given artificial food. 

The evidence indicates, therefore, that the relation 
found to exist between low earnings and high infant 
mortality was not to be explained by correlations with 
type of feeding, with color and nationality of mother, 
or with factors associated with the frequency of birth, 
but must be considered to indicate some direct or indi- 
rect causal connection. 

The influence of the father’s earnings upon his 
infant’s chances of life was undoubtedly indirect and 
was exerted through the relation of the family’s 
economic status to the mother’s health and care during 
pregnancy and confinement, and to the care of the 
baby during his first year. As already suggested, this 
influence may be found to be exerted through such 
intermediate factors as housing congestion or the 
mother’s employment during pregnancy or during the 
infant’s first year, which may be shown partially to 
account for the correlation between father’s earnings 
and infant mortality. When the meager earnings of 
the father have to be supplemented by the mother’s 
gainful labor outside the home, the lack of income 
which is responsible for the mother’s employment is, 
fundamentally, responsible also for whatever increased 
mortality is found to be associated with such employ- 
ment. 

An intimate connection was found, as shown in table 
40, between father’s earnings and the amount and qual- 
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ity of prenatal care in the one city, Baltimore, for which 
information on the latter points was secured. Thus, 
53 per cent of the mothers in the group “Under $450” 


TABLE 40 
Availability of medical and nursing care to mothers of legitimate 
infants during pregnancy and confinement, by earnings of 
father; Baltimore, 1915* 


b £§ Be ae bo Sak 
ee fe. | RE JeRg | a88 [FES 
b2 | 52 | 8.2 |SSie| 826 | Send 
EARNINGS OF FATHER am al wna a ae a: a 
Bf | Sh. | Sag | Sone) SBe | Sake 
2, | ga | bee | e208] Bos | Baas 
ees | a28 | abe [e282] wf2 [ees 
ne mis sel hai ane ah 
Mobalentrst cictocei. sraeis oan 47.5 De lelmio2On| Lon 1|e2S: 0 8.1 
Less than $450....... 53.0 1.3 | 35.7 ech if, eras |p PARE 
$450 to = $549... 58.7 1.8] 43.6 74 |p BlOsal 11.8 
$550 to $649...... 59.8 156 10.4337 9.2] 29.9 ; 
$650 to $849...... 52.7 3.9 |) 36.6 | 14.5 | 30.4 Cell 
$850 to $1,049...... 40.5 6565\= 27.9 | 2027 | 26:0 4.2 
$1,050 to $1,249...... 30.0 Seon She 24. 1e 2520 3.4 
$1,250 to $1,449...... 32.9 Oe Zale LO el 26.9} 19.8 2.4 
$1,450 to $1,849...... 21.3 16.4 8.5} 40.1 15.1 L.7 
$1,850 and over...... 13.8 | 30.3 6.6 | 40.3 7.5 ‘ 
No earnings.......... 41.4 gf | APA) 8.2 | 34.9 7.3 
Not reported........ 39.7 Ae) oy Lala O salle ole O 7.3 


* These percentages are based upon mothers of legitimate births 
in Baltimore in 1915. 

+ To qualify as grade A care, the care received by the mother must 
have satisfied all four of the following requirements: (1) Monthly 
visits to clinic from fifth to ninth month of pregnancy or super- 
vision by private physician from the fifth to the ninth month; (2) 
monthly urinalysis from the fifth to ninth month; (3) at least an 
abdominal examination; (4) pelvic measurements, if a primipara. 

t Exclusive of mothers with complications of confinement. 
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had no medical prenatal care, as compared with only 
13.8 per cent of those in the group “$1,850 and over.” 
And of the mothers in the lowest earnings group 35.7 
per cent were not attended by a physician at confine- 
ment, as compared with only 6.6 per cent of those in the 
highest. Similarly with regard to nursing care during 
the confinement period; 37.2 per cent of the mothers in 
the lowest, as compared with only 7.5 per cent of those 
in the highest, group had no such care. The proportion 
of mothers who stayed in bed or in a hospital for less 
than seven days following delivery varied from 12.8 
per cent in the lowest to 1.7 per cent in the highest 
earnings group. 

Though ignorance in the poorer families of the rules 
of health doubtless played some part in producing these 
differences, the obvious relation between lack of means 
and inability to purchase medical and nursing services 
and competent advice and to follow out that advice 
suggests that lack of means or economic pressure must 
have borne a heavy responsibility. The health pro- 
gram recommended by the best medical authorities 
for pregnant women includes wholesome and nourish- 
ing food, spending at least two hours daily in the open 
air, and freedom from worry and overwork. ‘This 
program is obviously one which can be more easily and 
faithfully observed by women in comfortable circum- 
stances than by those who have to struggle daily to 
make ends meet. 

One item of considerable importance from the point 
of view of the mother’s health and her observance of 
this health program is her employment away from 
home during pregnancy. A close relationship was 
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found to exist between low earnings of the father and 
such employment. The proportion of mothers em- 
ployed away from home during pregnancy was highest, 
37.4 per cent, in the ‘‘No earnings” group, was 28.3 
per cent in the group “Under $450,” and was lowest, 
1.9 per cent, in the group ‘$1,250 and over.”’ 

The influence upon infant mortality of employment 
of the mother during pregnancy is shown in table 41. 
TABLE 41 
Infant mortality rates from all causes and from causes peculiar to early 


infancy, neonatal mortality rate, and per cent of premature births, 
by employment of mother during pregnancy 
Live births in eight cities 
INFANT MORTALITY RATE 


PER 
CENT 


EMPLOYMENT OF MOTHER LIVE INFANT From In first or 
DURING PREGNANCY BirTHS |pwaTHS| From | %VS°S | month | pREMA- 
all padre (neo- | TURE 
causes early natal | BIRTHS 
infancy rate) 
TOGa Ut her wpe a oces 22,967 | 2,555) 111.2) 36.1 | 44.8} 5.0 
Employed away from 

OMCs ene oars eee 3,084 543] 176.1] 50.3 | 67.2} 6.1 
Employed at home....... 3,788 434| 114.6] 27.2 | 33.6 | 3.5 
Notremployedies cue ce. 16,089 | 1,576} 98.0) 35.6 | 43.2 | 5.2 


NOt reported:.:.......... 6 2 


The infants of mothers who worked away from home 
had a markedly high rate of mortality from causes 
peculiar to early infancy, a fact which is shown not 
only in the specific rate from these causes but also in 
an excessively high neonatal mortality rate. Further- 
more, the proportion of premature births was consider- 
ably higher than the proportions either for mothers 
employed at home or for mothers not employed. 
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The infants of mothers who worked in gainful occupa- 
tions at home, on the other hand, had a mortality rate 
from all causes slightly higher than that among the 
infants of mothers who did not work at all; but the rate 
from causes peculiar to early infancy, the neonatal 
mortality rate, and the percentage of premature births 
were all below those for infants of mothers who were 
not employed. This somewhat unexpected result may 
be due in part to the fact that the amount and character 
of work done by the mothers who kept lodgers or 
boarders were not essentially different from those 
involved in performing ordinary household and family 
duties, and in part, perhaps, to a tendency on the part 
of mothers who were not in the best physical condi- 
tion or who were in ill-health not to work at all. The 
group of mothers who were not at work may therefore 
have been somewhat unfavorably weighted by mothers © 
who would have been in one of the other groups if they 
had enjoyed normal health. That the infants of 
mothers who were employed away from home during 
pregnancy showed higher mortality rates than those 
of mothers who were not so employed or were not 
employed at all is, in any case, significant evidence of 
the influence of this type of mother’s employment. 

Specific evidence in regard to the correlation between 
poverty and the quality and quantity of care which 
the baby received during his first year was difficult to 
secure, and was limited to a few points, such as feeding, 
housing congestion, and the gainful employment of the 
mother, especially away from home. 

A principal element of infant care, maternal nursing 
during the first nine months, has already been dis- 
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cussed; artificial feeding was less practiced in the lower 
than in the higher earnings groups. As to the quality 
of artificial food used by the several groups, specific 
evidence unfortunately is lacking. The analysis indi- 
cated, however, that artificial feeding was fraught 
with greater dangers to the baby’s health in the lower 
earnings groups. Doubtless such feeding as prac- 
ticed in the families with larger incomes was accom- 
panied by safeguards that were not employed to the 
same extent in the poorer families. These safeguards 
probably included the use of pure milk, the practice 
of proper sterilization of bottles and nipples, the advice 
of a competent physician in regard to a suitable milk 
modification formula and his supervision over the 
feeding of the baby, and the purchase and correct utili- 
zation of the ingredients and medicines prescribed. 
Each of these safeguards, however, involves the ex- 
penditure, if not of money, at least of the mother’s 
time; and therefore their use, other things being 
equal, would naturally be intimately associated with 
the income available for the care of the infant. 

That differences in the safeguards surrounding the 
practice of artificial feeding did not explain fully, 
however, the greater mortality among the infants whose 
fathers’ earnings were comparatively low is shown by 
the fact that a contrast similar to that between the 
rates for the artificially fed was also found between 
those for the breast-fed babies in the several earnings 
groups. Other causes of fewer deaths among the 
babies whose fathers had the higher earnings doubtless 
included the greater availability of nursing and medical 
services. In such families, too, the mothers probably 
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were freer from household cares, either because of the 
employment of servants or because of the use of 
mechanical aids to work, and as a consequence had more 
time to care for their babies. 

A striking correlation was found between low income 
and housing congestion. To test this relation the 
deaths of infants under two weeks of age were omitted, 
since it is doubtful whether housing congestion could 
have been a factor in these deaths. Of the infants who 
survived for at least two weeks and whose fathers 
earned less than $450, 72.2 per cent, as compared with 
only 17.5 per cent of those whose fathers earned $1,250 
or over, were found in families which lived one or more 
persons per room. The significance of this correlation 
becomes evident when the rates of mortality are con- 
sidered ; in families which lived less than one person per 
room the infant death rate was only 52.1, as compared 
with 94.9 in families which lived one but less than two 
persons per room and with 135.7 in families which 
lived two or more persons per room. Since housing 
congestion is one of the consequences following in the 
train of low earnings, the latter must bear the responsi- 
bility for the high mortality caused by the former. 

Markedly greater proportions of mothers were em- 
ployed during their infants’ first year of life in the low 
than in the high income groups. The proportion of 
mothers employed away from home was highest, 
38.0 per cent, in the ‘‘No earnings” group, was 19.6 per 
cent in the group “Under $450,” and was lowest, 0.6 
per cent, in the two groups “$1,050 to $1,249” and 
“$1,250 and over.” As in the case of employment 
during pregnancy, the higher earnings groups had very 
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few mothers employed away from home. But in each 
group a much smaller proportion of mothers was 
found to have been employed away from home during 
the infant’s first year than was found to have been 
so employed during pregnancy. Nevertheless, the 
mother’s employment away from home during the 
baby’s first year of life was found to have been asso- 
ciated with a mortality 1.6 times the average rate for 
babies in the same father’s earnings groups. 

To summarize, in this group of legitimate city births 
a marked correlation was found between low earnings 
of father and high infant mortality. Low earnings of 
the father were found to correspond to high economic 
pressure as. measured by the per capita amount of 
earnings available for each member of the family. 
This relationship between earnings and mortality was 
found to be independent of type of feeding, of race and 
nationality, and of the factors involved in frequency 
of births. The conclusion may be drawn, therefore, 
that economic pressure due to low father’s earnings is a 
causal factor in the infant death rate. 

The influence of economic position is undoubtedly 
indirect. The study of the chain of causation con- 
necting poverty with high infant mortality showed that 
the responsibility of low earnings extended over the 
excessive mortality associated with housing congestion 
and with the mother’s employment both during preg- 
nancy and during her child’s first year of life. It 
showed also that a direct relation existed between 
lack of means and the kind of care available both for 
the mother during pregnancy and confinement and for 
the baby during his first year. The analysis suggests, 
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therefore, that lack of care is another intermediate 
factor. 

The presence of these intermediate factors in the 
chain of causation, though it does not relieve the eco- 
nomic factor of its present responsibility for high infant 
mortality, suggests that the chain may be broken 
through measures that will make the intermediate 
factors independent of the amounts of money available 
for family expenditures. Such measures as the free 
provision of adequate prenatal and confinement care 
for mothers and of medical supervision over infants 
through municipal health centers or clinics, if available 
to all without reference to their economic position, 
would tend, if thoroughly carried out, not only to re- 
duce the infant mortality rate but also to lessen, if not 
to eliminate, its dependence upon economic position. 
Similar results, moreover, would be anticipated from 
the prohibition of the work of mothers during those 
periods when it has the greatest adverse influence 
upon infant mortality, together with such special 
subsidies as would make such work unnecessary. This 
dependence is to be regarded not as an immutable 
verity but as a consequence of the fact that at present 
the health and care of infants depend upon the re- 
sources available in each family and that, therefore, 
particular conditions that may in a given case reduce 
or destroy such resources may place the infant’s life 
in jeopardy. 


CHAPTER VIII 


InFANT MorRTALITY AND PREVENTIVE WorRK 
IN New ZEALAND! 


New Zealand’s infant mortality rate for its white 
population, 40.2 in 1924, is the lowest for any country 
in the world.2 The rate for the United States birth 
registration area during the same year, in spite of the 
marked reduction which has taken place since 1915, 
was 70.8, or seventy-five per cent higher. New Zea- 
land, therefore, possesses great interest for students 
of infant mortality. 

What are the causes of this exceptionally low infant 
mortality rate in New Zealand? Has the rate always 
been as low as at present? Should its low position be 
ascribed mainly to especially favorable local conditions 
or to an unusually healthy and vigorous stock selected 
through the hardships and rigors of immigration to a 
new land? If the present low rate is of recent origin, 
to what causes is the decrease to be ascribed? What 
influences have been exerted by health measures or by 
special infant welfare work? 

In the present chapter the statistics of the decline in 
infant mortality from the various causes of death are 
analyzed to throw light upon these questions. A 


1 Adapted by permission from the Transactions of the Eleventh 
Annual Meeting of the American Child Hygiene Association, St. 
Louis, October 11-13, 1920, pp. 194-212. 

2 The statistics are exclusive of the native, or Maori, popula- 
tion for which registration of births and deaths is still imperfect. 
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brief survey is presented of local conditions which favor 
health, including conditions which permanently favor 
low mortality and those which have been progressively 
more favorable,—so far as these conditions can be 
approached statistically. Since comparisons of con- 
ditions in different countries, so far as they might 
explain differences in infant mortality rates, are both 
extremely difficult and untrustworthy because of the 
impossibility of surmounting all difficulties,no analysis 
of this kind is attempted: in particular no attempt is 
made to test the hypothesis that New Zealand is 
peopled by an unusually healthy selected stock. In 
lieu of these alluring but statistically unpromising 
topics, the reader’s attention is invited to an analysis 
of the relation between the decline in infant mortality 
and the progress of infant welfare work; for this analy- 
sis throws into clear relief the influence of the latter 
over the remarkable position which New Zealand has 
won in her control of infant mortality. 


DECLINE IN INFANT MORTALITY, 1872-1924 


Table 42 shows the decline in infant mortality in New 
Zealand from 1872 to 1924. In order to eliminate 
fluctuations, rates are given only for five year periods. 
In 1872-1874 the rate was slightly higher than the 1915 
rate for the United States birth registration area. It 
declined during a period of 50 years to less than one 
half its former size. 

During the first five-year period the mortality rate 
decreased 4 per cent, and during the next, 10 per cent; 
from this point to about 1899 the fall was relatively 
slight. But after 1900 it became more rapid; the five- 
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year period from 1900 to 1904 showed a decline of 7.7 
per cent from the preceding period; during the next 
period the percentage of decrease was 8.8; and during 
the next 18.1. After the period 1910-1914 the rate of 
decline fell, at first slightly to 14.7 in 1915-19 and then 
more rapidly to 8.4 in the last five-year period. 

In interpreting this decrease it should be mentioned 
that, from the point of view of prevention, a fall of 10 


TABLE 42 
Decline in infant mortalily rates, by periods; New Zealand, 1872-1924* 


AVERAGE 


ae ABOANANEENE S| pecuniae DECREASE 

1872-1874 105.9 

1875-1879 101.5 4.4 4.2 
1880-1884 91.4 10.1 10.0 
1885-1889 86.3 5.1 5.6 
1890-1894 85.6 0.7 0.8 
1895-1899 82.7 2.9 3.4 
1900-1904 76.3 6.4 7.7 
1905-1909 69.6 6.7 8.8 
1910-1914 57 0 12.6 18.1 
1915-1919 48.6 8.4 14.7 
1920-1924 44.5 4.1 8.4 


* Compiled from Vital Statistics of the Dominion of New Zealand. 


points in the rate of mortality is more easily secured 
when the initial rate is 100 than when the initial rate is 
only 60. The marked increase in the rate of fall from 
1905 to 1919 is therefore all the more noteworthy. 
The slackening rate of decrease observed in the final 
period should be interpreted, as will be pointed out in 
the discussion of causes, in the light of the remarkably 
low rates already reached. 
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Turning to the analysis of the fall in infant mortality 
by cause of death, table 43 shows infant mortality rates 
for the several groups of causes. In order to eliminate 

TABLE 43 


Decrease in infant mortality rates, by cause of death, New Zealand, 
1872-1924* 


DEATHS UNDER 1 YEAR PER 1,000 BIRTHS 


#3| |g 
aa os 
hes Nae See a Game 
a) jalg/élS 2] |,/3 
elt oN Yr cs a a be =< 3 =~ a 
PERIOD SS Pia ie 2 3 8/8 4 8 | Z 
ele | Steels et eS iS Ae ae: 
g = 3 ar aa = > q > g oO bo 
Be eosin ts (Maas ee iam e aoe 
° 3s 3 |=) 6 =} = i Ss ° a ] 
Be ae 8 ho A SS ee a eae 
f/E| Ele) elislal2le|sle|s 
a[e|s lat] 4 |8"|2 8/4) als le 
1872-1874 |14.7| 4.7| 0.2} 1.7)12.5/23.2|10.0) 0.6)23.6) 1.4/10.5) 2.3 
1875-1879 | 8.8] 5.7] 0.3] 1.6)12.3)22.3] 8.2] 1.5)24.2) 2.0/13.7) 1.2 
1880-1884 | 7.9] 5.0] 0.3] 1.3)12.2]18.0} 7.9) 1.4/23.1) 1.9]12.0} 0.3 
1885-1889 | 6.4] 4.2] 0.4) 1.3/10.8/20.0) 6.7} 1.2/25.7| 1.8] 7.4) 0.4 
1890-1894 |10.2) 3.3] 0.5) 1.3)11.3)17.0] 6.4) 1.2/25.0) 1-8} 7.7) 0.2 
1895-1899 | 5.7] 3.1] 0.6) 1.2}10.4)18.5} 6.4] 1.6/26.1) 2.0) 7.0) 0.2 
1900-1904 | 5.2) 1.8) 0.5},1.2)10.0/16.0} 4.5) 1.6/27.0} 2.2) 6.1) 0.1 
1905-1909 | 3.9] 1.4) 0.5) 1.3} 8.4)15.5] 3.6] 1.4/26.6) 2.0] 4.8) 0.1 
1910-1914 | 2.4] 0.9] 0.4) 1.4) 5.8)10.0) 2.5) 3.0)27.0) 0.7] 2.8) 0.1 
1915-1919 | 2.5} 0.4) 0.4) 1.1) 4.5) 5.3) 2.1] 4.1/25.2) 0.6} 2.3) 0.1 
1920-1924 | 1.7] 0.4) 0.3) 0.8) 4.5) 3.8] 1.5) 4.9)24.7] 0.6) 1.6) 0.1 


* The figures under the causes of death refer to the International 
List numbers included in each group. For 1923 and 1924 the re- 
vised list of causes of death was used. The numbers of the revised 
list included under each caption were: epidemic diseases, 1-21, 25; 
tuberculosis, 31-37; venereal diseases, 38-40; encephalitis, meningi- 
tis and infantile paralysis, 22-24, 70, 71, part 73; respiratory diseases, 
97-107; gastric and intestinal diseases, 111-119; infantile convulsions, 
80; malformations, 159; early infancy, 160-163; external causes, 
165-202; and ill-defined causes, 204-205. 
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minor fluctuations, rates are given, as before, for five- 
year periods. 

One of the most important causes of decline in the 
general death rates for all ages since the seventies of the 
past century has been the gradual control of epidemic 
and infectious diseases. The effect is shown in the 
group of diseases classed as epidemic, including scarlet 
fever, whooping cough, diphtheria, and measles. 
This group shows for infants in New Zealand a rapid 
fall from 14.7 in 1872-1874 to 8.8, 7.9, and 6.4, respec- 
tively, in the three following five-year periods. In 1890- 
1894 the rate from these diseases went up to 10.2, 
probably owing to an epidemic of influenza, but since 
then it has fallen to 5.2 in 1900-1904, and to 2.4 in 
1910-1914. In 1920-1924 it was only 1.7,—less than 
one-ninth of the rate in 1872-1874. 

Tuberculosis also showed a marked decline as a cause 
of infant mortality as early as the eighties and nineties. 
From 5.7 per 1,000 births in 1875-1879, the rate fell in 
10 years to 4.2 and in the next 10 years to 3.1; in the 
period 1905-1909 it reached 1.4, and in the last 5- 
year period it was only 0.4. In other words, during 
this 40-year period the mortality from tuberculosis 
was reduced from nearly 6 per 1,000 to four-tenths of 
1 per 1,000 births.* 

The mortality from venereal disease—syphilis— 
showed an apparent increase from 0.2 in 1872-1874 to 
a maximum of 0.6 in 1895-1899. From this point the 

3 In the earlier years of the period under review deaths from hy- 
drocephalus were included under tuberculosis; in the later years 
they were classed to malformations. See, Neale, Edward P., A 


New Zealand Study of Infant Mortality, Journal of the American 
Statistical Association, Vol. XX, September, 1925, p. 359. 
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rate fell slowly to 0.3, or one half as high as in 1895- 
1899, in 1920-1924. Doubtless throughout the period 
the mortality from this cause was much understated, 
owing to unwillingness to certify to the facts in such 
cases. 

The mortality from the group “encephalitis, menin- 
gitis, and infantile paralysis’’‘ also showed little change. 
A slight fall appeared from 1872-1874 to 1880-1884, 
but after that time there was little or no significant 
change. 

The infant mortality rate from convulsions decreased 
from 10.0 in 1872-1874 to 1.5 in 1920-1924. This 
decrease was doubtless due in part to a gradual im- 
provement in the assignment of deaths to the real 
causes instead of to the final symptoms, and in part to 
an actual decrease in the death rate from the real causes 
themselves. 

The mortality rate from external causes remained 
practically constant from 1872-1874 to about 1905- 
1909. From 2.0 in the latter period, the rate diminished 
to 0.6 in 1920-1924. The spread of prohibition in local 
areas and the increasing control over the liquor traffic 
may have had an influence in diminishing infant mortal- 
ity from these causes. 

“Other defined causes” showed a fairly steady decline 
from a rate of 12.0 in 1880-1884 to one of 1.6 in 1920- 
1924. 

The rate for causes ill-defined or unknown diminished 
from 2.3 per 1,000 births in 1872-1874 to 1.2 in 1875- 


‘In the earlier years the term ‘‘encephalitis’? was frequently 
returned in death certificates, probably meaning either meningitis 
or poliomyelitis. 
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1879, and to an insignificant figure in the following 
periods, as the certification of causes of death became 
more accurate. 

Coming now to the more important groups of causes 
of death among infants, the gastric and intestinal dis- 
eases, the respiratory diseases, and the causes peculiar 
to early infancy will be taken up in order. The group 
of gastric and intestinal diseases® is by far the most 
deadly to infant life, with the single exception of the 
causes peculiar to early infancy. The decline in mor- 
tality from diarrhea and enteritis is, therefore, worthy 
of especial attention. In the period 1872-1874, the 
rate of mortality from these diseases was 23.2 per 1,000 
births. With some fluctuations the rate fell gradually 
to 15.5 in the period 1905-1909, a decline of 7.7 points in 
35 years, or an average of 1 point every 5 years. From 
this period the fall was rapid. In the next 5 years the 
mortality decreased by 5.5 points, and in the following 
five years by 4.7 points more, approximately one point 
every year. In 1920-1924 the rate was only 3.8 and 
in 1923, it may be noted, it was only 2.6 per 1,000 
live births. Between the period 1905-1909 and 

5 In this discussion the group of gastric and intestinal diseases 
includes International List numbers 102-110 (revised list, 111-119). 

6 It should be mentioned in passing that the dates for changes 
as given do not pretend to be exact. In order to show more clearly 
the trend of the rates, averages for five-year periods have been taken, 
and it is therefore difficult to state, for example, if the average for 
1905-1909 is lower than that for 1900-1904, the exact year in which 
the decrease first took place. This is further complicated by fluc- 
tuations in temperature and weather conditions. Even with no 
causes tending toward a reduction in infant mortality, the rates 
vary from year to year with variations in temperature; hence, if it 
is sought to find the exact point at which a decrease commenced, it 


is necessary to take account of these variations during the period 
within which the decrease first appeared. 
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the year 1924 the mortality from gastric and intes- 
tinal diseases was reduced by over four-fifths. 

A continuation of the decrease of one point a year, 
which prevailed from the period 1905-1909 until the 
period 1915-1919, in the infant death rates from gastric 
and intestinal diseases would have resulted, by the 
end of the period 1920-1924, in a rate of practically 
zero. It is not surprising, therefore, that the rapidity 
of fall slackened, during the last period, to about 
one point every two years. As a presage of the pos- 
sible future course of this rate it should be mentioned 
that in Dunedin, where infant welfare work has been, 
perhaps, most intensively carried on, no deaths oc- 
curred from gastric and intestinal diseases during three 
successive years, 1922, 1923 and 1924; in other words 
the rate actually equalled zero. 

The mortality from respiratory diseases in 1872- 
1874 was 12.5 per 1,000 births. For 10 years it main- 
tained approximately this rate; then it decreased gradu- 
ally in the next 20 years to 10.0 in 1900-1904. From 
this point the decrease became more rapid. In 1905- 
1909 the rate was 8.4; in 1910-1914, 5.8; and in 1915- 
1919, only 4.5. During these 15 years the rate was cut 
in two. The average annual decrease in this rate 
during these 15 years was over three times the average 
annual decrease during the preceding 20 years. The 
rate in 1920-1924 was 4.5, the same as in 1915-1919. 

The mortality from the third group of causes, those 
peculiar to early infancy, showed no such tendency to 
rapid fall. It rose from 23.6 in 1872-1874 to 27.0 
in 1900-1904, an increase which may perhaps be ex- 
plained by improvement during this period in the 
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registration of deaths at very early ages. The maxi- 
mum, 31.2, was reached in 1902. At this point a 
change in the trend appeared; the rate fell slightly 
during the next 5-year period to 26.6, but during the 
following period appeared to rise to the same figure, 
27.0, as in 1900-1904. Nevertheless, the high point 
which occurred in 1913 was only 28.4, and it is probable 
that this figure was influenced by the new regulations 
for compulsory registration of stillbirths which went 
into effect in that year. The enforcement of registra- 
tion of stillbirths would lead to a more careful and accur- 
ate distinction between births and stillbirths, resulting, 
doubtless, in the registration since 1913 of a small 
number of infants who formerly would not have been 
registered. The further course of the rate tends to indi- 
cate a definite improvement, though relatively slight, 
in the mortality from causes peculiar to early infancy. 
In 1915-1919 the rate had fallen to 25.2 and for the last 
period it was 24.7. But in 1924 the remarkably low 
figure of 20.7 was recorded. 

The rate from malformations showed little change 
between the period from 1875 to 1879 and that from 
1905 to 1909, averaging about 1.4. It rose in 1910- 
1914 to 3.0 and in 1920-1924 to 4.9. As in the case of 
early infancy a marked increase in the rate first ap- 
peared following the passage of the law requiring the 
registration of stillbirths. It seems probable, there- 
fore, that the increase in the rate from malformations 
was influenced by the more accurate distinction be- 
tween births and stillbirths.’ 

In the analysis of the fall in the infant mortality 
rates in New Zealand three periods may be distin- 
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guished. The first is from 1872 to about 1905; during 
this period the fall in the mortality from epidemic 
diseases, convulsions, tuberculosis, and ill defined 
causes was continuous and rapid, and the fall in the 
mortality from gastric and intestinal and respiratory 
diseases was slight. The second period is from about 
1905 to 1920, during which the fall in the mortality 
from gastric and intestinal diseases proceeded at a rate 
five times as great, and that from respiratory diseases 
decreased over 3 times as fast, as during the preceding 
period. During these 15 years, the mortality from 
gastric and intestinal diseases was reduced to one-fifth 
its former rate, and that from respiratory diseases 
was cut in half. The third period, from about 1920, 
shows the beginning of a marked tendency for the rate 
of fall to slacken owing to the practical elimination of 
two or three of the principal causes of death, control 
over which had already been substantially won. In the 
mortality from the principal remaining important group 
of causes of death, the diseases of early infancy, a 
slight decrease since about 1900 is perceptible, and 
this decrease appeared in 1924 to have become more 
marked. 

This decrease in infant mortality rates is not due 
merely to an improvement in birth registration, since 
in such case the rates from each cause of death would 
be affected uniformly. The analysis has shown that 
the decreases in the rates from different causes are 
quite different. Furthermore, compulsory registra- 
tion of births in New Zealand dates from 1855, or 20 
years before the period covered by these figures, while 
voluntary registration had been fairly satisfactory even 
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before compulsory registration was enforced. Ninety- 
eight per cent of the people of the Dominion were born 
in British possessions, and consequently the population 
is homogeneous and accustomed to the requirement of 
birth and death registration. Birth certificates have 
been used in New Zealand as proof of age in entering 
school, securing employment certificates, and for other 
purposes, and the population is therefore thoroughly 
familiar with the need for adequate registration of 
births. 


CONDITIONS FAVORING LOW INFANT MORTALITY 


A brief summary of the general conditions in New 
Zealand which might have a bearing upon low rates of 
infant mortality is next in order. 

The climate of New Zealand is exceptionally favor- 
able to a low infant mortality rate. New Zealand is a 
country about one-thirtieth the size of the United 
States, consisting of two islands’? which are together 
approximately one thousand miles in length and one 
hundred miles in breadth. The breadth of course 
varies: At Auckland on the North Island, the land is 
only 8 miles in width; the greatest breadth is not over 
180 miles. The climate of New Zealand is therefore 
insular throughout, and the temperatures are almost 
everywhere moderated by sea breezes. The maximum 
temperature in summer in Auckland rarely rises above 
81 degrees, and it is very little higher in the other 
principal cities. The coldest temperature in Dunedin, 
farthest south of the larger cities, rarely falls below 
freezing, and the coldest temperature on record is only 


7 A third island is comparatively very small. 
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28 degrees. The consequence is that weather con- 
ditions in summer are extremely favorable to a low 
mortality from gastric and intestinal diseases, and the 
mildness of the winter is favorable to a low mortality 
from respiratory diseases. In such a climate there 
is no tendency to live in close, over-heated rooms. 
These favorable climatic conditions are accompanied 
by favorable housing conditions. Throughout New 
Zealand, even in the four largest cities, which range in 
size from about 70,000 to 160,000 population, dwelling 
houses are for the most part one-story bungalows or 
cottages, each set in its own plot of ground and pro- 
vided with a lawn and garden. Tenement and even 
apartment houses, such as are so prevalent in American 
cities, are practically unknown in New Zealand. The 
buildings in New Zealand are mostly of wood, and in 
architecture unpretentious, but, as generally in new 
countries, there is plenty of space. Comparatively 
httle manufacturing is carried on, and even in the larger 
cities there is little or no pollution of the atmosphere 
from smoke. | 
In this connection may be mentioned also the com- 
paratively favorable economic level of the population. 
Little or no real poverty exists. The average rate of 
wages is high in comparison with the cost of living. 
Unskilled workmen probably receive somewhat more 
in proportion to skilled workmen than in this country. 
The proportion of homes owned is similar to that in 
this country as a whole; but the proportion of homes 
owned in the four larger cities is above that in almost 
any of the large cities in this country, being slightly 
more favorable than the proportion in Los Angeles. 
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In regard to improvements in housing and economic 
conditions in general, it is difficult to bring satisfactory 
evidence. Presumably the conditions of living have 
been growing easier as the privations and discomforts 
of pioneering have given place to the conveniences 
of a more settled life. The growth of cities has, until 
recently at least, taken place without any serious 
crowding of population into inadequate quarters. In 
regard to wages, it should be mentioned that an era of 
prosperity up to about 1885 was followed by a pro- 
longed depression which lasted for 10 or 15 years, during 
which emigration exceeded immigration; since that 
date prosperity has returned and immigration has been 
flowing into New Zealand except when prevented by 
war conditions. 

In 1893 asystem of compulsory conciliation and arbi- 
tration was adopted to regulate wages without the 
necessity of resorting to strikes. Under this system 
minimum wages are determined by conciliation boards 
or councils, or by the arbitration court. This has 
brought about an increase in wages of the unskilled 
and lowest paid labor. ‘The evidence goes to show that 
the wages of unskilled labor have risen relatively to 
skilled labor. From 1900 to 1918 there has even been 
a slight increase in wages as compared with cost of 
living. 

In this connection mention should also be made of 
the land legislation adopted in 1893 and later by which 
provision was made for leasing on liberal terms lands 
still held by the Crown, and in particular for splitting 
up large estates for the benefit of persons seeking to 
take up land. 
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The favorable conditions already mentioned may go 
far toward explaining the low infant mortality rate in 
New Zealand. Favorable climate alone, however, can- 
not explain the decrease in the rates. It should be 
interpreted, rather, as a condition in which measures of 
prevention will produce larger results, and, therefore, 
appear more effective, than they would in communities 
where the climate was not so good. The favorable 
housing and economic situation may be interpreted 
in part in the same way, as presenting conditions 
under which direct measures of prevention will pro- 
duce large apparent results; but in so far as improve- 
ments in these conditions have taken place, they may 
themselves be factors in the decrease in the rates. 


FACTORS IN REDUCTION OF INFANT MORTALITY 


Among the general measures of public health and 
welfare, three in particular merit especial consideration 
in connection with the reduction in infant mortality. 
These are the laws regulating midwives and nurses and 
establishing state maternity hospitals, the protection 
of children boarded out apart from their mothers 
afforded by the Infant Life Protection Act, and the in- 
fant welfare work of the Royal New Zealand Society for 
the Health of Women and Children. 


MATERNITY AND NURSING CARE 


Beginning in 1901 the Department of Public Health 
in New Zealand has paid special attention to the prob- 
lem of provision for maternity and nursing care. In 
1901 the Nurses’ Registration Act was passed. This 
Act set up standards for nursing training in connection 
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with optional registration of approved nurses. A 
four years’ course of training in an approved hospital 
was required for registration. Though registration of 
nurses is not compulsory, registered nurses are given 
preference in filling vacancies in hospitals under the 
control of Hospital and Charitable Aid Boards. Since 
the law was enacted the number of nurses on the regis- 
ter has gradually increased until in 1925, 3,994 nurses 
were registered. 

Registration of midwives was first required under the 
Midwives’ Act of 1904. Persons who had already been 
practicing for a period of at least 3 years at the time the 
law went into effect were entitled to registration with- 
out examination, provided they satisfied the registrar 
they were of good character. The act provided for the 
granting of certificates to registered nurses who had 
attended lectures at a State Maternity Hospital or 
other approved institution for a period of at least 6 
months, and to pupil nurses who had attended such 
lectures for a period of at least 12 months, provided in 
all cases that they had attended at least 20 cases of con- 
finement and passed a satisfactory examination. 

Registration of midwives is compulsory. Notice of 
intention to practice must be given annually to the 
registrar. Registration may be cancelled in case of 
conviction for an indictable offense, or in case of mal- 
practice or misconduct. The Board of Health pub- 
lishes rules for the guidance of midwives, which set forth 
in detail the equipment required and the conditions 
under which medical help must be sent for. If a mid- 
wife neglects or refuses to send for a doctor in the cases 
specified, her registration as midwife is liable to can- 
cellation, 
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Persons not registered as midwives who practice or 
use the name of midwife are liable to a fine not exceed- 
ing 30 pounds ($146). This penalty does not apply to 
assistance rendered in cases of emergency. The Depart- 
ment of Health, when it receives information through 
the office of the registrar of births or in some other way 
that a woman not registered as a midwife has attended 
at a confinement, notifies her of her liability to fine 
under the law and may prosecute unless she can show 
that the case was in the nature of an emergency. 

In 1925 the total number of registered midwives was 
2,110 of whom over six-sevenths, 1,872, had been trained 
and certified since the passage of the act. 

Under the Midwives’ Act of 1904 the establishment 
of one or more state maternity hospitals was authorized. 
They were designed to provide facilities for the training 
of midwives and maternity nurses. The first of these 
state maternity hospitals, or St. Helens Hospitals, as 
they are called, was opened in Wellington in the year 
1905. Three others were opened during the next two 
years in the other principal cities, and recently three 
more have been established. Wives of working men 
who have incomes of less than £4 ($19.44) a week may 
avail themselves of the hospital services. 

These hospitals not only provide inexpensive care for 
the confinement period, but also give a small amount of 
prenatal care for expectant mothers and of postnatal 
care for infants. ‘These phases of their work, however, 
are not systematic. 

During the year ended March 31, 1925, 2,015 con- 
finements took place in the seven State Hospitals, and 
702 confinements which occurred outside of the hospi- 
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tals were attended by hospital nurses. Of the total 
births in New Zealand, one in every fourteen took place 
in a St. Helens Hospital; including those outside the 
hospitals but attended by their nurses, one in every ten 
was attended by a St. Helens nurse. 

The proportion of births attended by nurses from 
these institutions is much higher in the cities them- 
selves. Comparing the confinements in the hospitals 
with the number of births in the urban centers it would 
appear that 26.2 per cent, or slightly over one-fourth, 
of the births were attended by St. Helens nurses. This 
comparison, however, overstates the true proportion, 
since in the figures for the births in the urban centers 
births to mothers who live outside the urban areas are 
deducted from the births assigned to the cities. Many 
mothers come in from the surrounding country dis- 
tricts to avail themselves of the hospital accommoda- 
tions of the cities. 

The work of the St. Helens Hospitals and the gradual 
raising of the level of maternity care is a factor which 
may, perhaps, be related to the decrease since 1900 in 
the mortality from diseases of early infancy. 


INFANT LIFE PROTECTION 


The second important phase of preventive and wel- 
fare work is the system of infant life protection. The 
Infant Life Protection Act was first passed in 1896. 
It provided that infants under 4 years of age boarded 
out for reward apart from their mothers should be 
placed only in licensed homes. 

The powers of licensing and inspection were at first 
given to the police. It might be mentioned that this 
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act was first passed on account of the discovery of a 
flagrant case of baby-farming in which, after the pre- 
mium had been paid, the infants boarded out had been 
practically murdered. 

In 1906, in order to improve the system of licensing 
and inspection, these powers were transferred from the 
police to the Education Department. At the same 
time the age of infants to whom the provisions of the 
act applied was increased to 6 years. Under the Edu- 
cation Department the inspectors are all trained women 
with nurses’ certificates. 

The numbers of children boarded out in foster homes 
ranged from about 700 to $00 during the early years of 
the act, and since the raising of the age limit the num- 
bers have risen to about 1,200. 

The great majority of these children are illegitimate 
and a large number of them are under 12 months old. 
Of all the illegitimate children born, about one-fifth 
are boarded out, and are therefore brought under the 
protection of this act. Between 4 and 5 per cent of 
all births are illegitimate. 

On account of the absence of data, no comparison 
can be made between the infant mortality rates before 
and after the enactment of this legislation. 

During the period in which the law was administered 
by the police, a slight fall in mortality among the 
children boarded out appears to have taken place. 
Since the work of licensing and inspection was taken 
over by the Education Department the mortality has 
been largely reduced. The deaths per 1,000 of average 
infant population under one year of age in foster homes 
decreased from 143 in 1908 to 21 in 1918. In institu- 
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tions operating under special provisions of this act, the 
deaths per 1,000 infants under one year of age who 
were in the institutions at any time during the year 
decreased from 236 in 1909 to 36 in 1919. Neither of 
these figures, of course, are ‘‘infant mortality rates’ but 
probably they give a fair indication of the decline in 
mortality among children under one year. 

Statistics of mortality among all illegitimate chil- 
dren are available for New Zealand only since 1921. 
The average rate, 70.5, for 1921-24 for illegitimate 
infants compares unfavorably with a rate of 42.0 for 
legitimate infants. Probably the infant mortality 
rate among illegitimate infants in New Zealand dur- 
ing the period under study declined even more than 
among legitimate infants. In this connection, it might 
be mentioned that in New South Wales in Australia, 
where a system of infant life protection similar to 
that in New Zealand has been in force since 1891, with 
amendments in 1904 and changes in regulations at 
other times, the mortality rate among illegitimate 
infants fell from 276 deaths per 1,000 births in the 
period 1895-99 to 108 deaths per 1,000 births in 1919. 


WORK OF THE ROYAL NEW ZEALAND SOCIETY FOR THE 
HEALTH OF WOMEN AND CHILDREN 


Probably the most important of the preventive meas- 
ures is the work of the Royal New Zealand Society for 
the Health of Women and Children. This society was 
organized in Dunedin in 1907 by Dr. Truby King, and 
was formed to carry on work which he had already 
commenced for the better care of very young children. 
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The work of the society has been fully described in 
bulletins of the U. S. Children’s Bureau. 

The society is organized in a number of independent 
branches which meet in conference or council at stated 
intervals. The central council is mainly for the pur- 
pose of conference or discussion, but also considers 
the policy of the society as a whole, especially in regard 
to codperation with the Health Department. It 
receives subsidies granted by the Health Department 
and distributes them to the local branches. Except 
for a paid secretary of the central council, and for the 
nurses, all the work of the society is on a volunteer basis. 

An important feature of organization is decentraliza- 
tion. Each local branch is independent financially and 
in the management of its local work, though it keeps in 
touch with other branches through the central con- 
ference. The branches are managed by special com- 
mittees consisting of 15 or 20 members. They depend 
for their support, except for the government subsidies 
for the payment of nurses as already mentioned, upon 
subscriptions and donations raised in the locality. In 
this way the active interest and codperation of the 
localities is secured and maintained. Outlying branches 
in rural communities which can not afford to main- 
tain nurses of their own often secure part time services 
of the nurses in nearby cities. 

The branch at Dunedin, which was formed first, 


® New Zealand Society for the Health of Women and Children, 
An Example of Methods of Baby-Saving Work in Small Towns and 
Rural Districts, Children’s Bureau Publication No.6. Washington, 
1914. Infant Mortality and Preventive Work in New Zealand. 
Children’s Bureau Publication No. 105. Washington, 1922. 
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maintains a special hospital for the training of all the 
nurses employed by the various branches.® 

A very important feature of the work of the society is 
the training of its nurses. Plunket nurses, as they are 
called in honor of Lady Plunket, wife of a former Gover- 
nor of New Zealand, who took great interest in the work 
of the society, are all registered general or maternity 
nurses who have had a sort of post-graduate training 
at a special baby hospital maintained by the society at 
Dunedin. In this hospital babies are received for 
dietetic treatment only. Nurses are given careful and 
thorough instruction in the general methods of care, 
particularly in the preparation of so-called humanized 
(a special kind of modified) milk, in clothing, hours of 
sleep, and other details. The period of training is 3 
months for nurses with general training and 6 months 
for nurses with special maternity training only. 

A number of nurses have been sent from Australia 
to take the special training given to the Plunket nurses, 
and in New South Wales a nurses’ training school has 
been established on the model of that conducted by 
the Royal New Zealand Society. 

The principal lines of work followed are maintenance 
of infant welfare or baby health centers, at which the 
specially trained Plunket nurses give free advice in re- 
gard to all matters relating to the care of babies, except 
purely medical matters. The mothers bring their 
babies to the centers for advice in regard to diet; from 


9 Two other branches, Christchurch and Wanganui, also maintain 
special hospitals for babies, but do not train Plunket nurses. Nurses 
without previous training but with a full year’s training in these 
hospitals are designated as Karitane nurses. 
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the centers the nurses also make visits to the homes. 
The policy of the society is everywhere to encourage 
breast feeding, but if that is not possible, humanized 
milk is recommended and demonstrations as to the 
method of preparing it are given. The nurses never 
prescribe for sick infants but advise the mothers to call 
a physician. An important feature is the general 
instruction given in regard to proper clothing, fresh air, 
and hours of sleep. Besides the individual work with 
mothers and babies, the society supplies a column which 
is printed weekly in most of the newspapers in New 
Zealand. The society also distributes, at nominal 
cost, booklets and pamphlets in regard to the care of 
infants. One of these pamphlets, “The Expectant 
Mother and Baby’s First Month” has been taken over 
and published by the Health Department, and is 
distributed free of cost to every mother on the registra- 
tion of the birth of her baby. 

Another feature of the work is that all apparatus and 
methods used are so simple that any mother can secure 
and apply them in her own home. 

It should also be mentioned that the society does not 
confine its work simply to the children of the poorer 
classes, but on the contrary, urges mothers in all classes 
to use the services of the Plunket nurses. The work of 
the society is, indeed, well known and appreciated 
among the well-to-do—‘‘the upper classes’’—and the 
desire to imitate these classes has become an influence 
in spreading the use of its facilities among those who 
are not so well off. This fact also helps to remove any 
feeling that the work is merely a charity. 

In regard to the growth and extent of this work, 
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very little statistical information is available. The 
society has published annual reports, but the statistics 
presented are somewhat fragmentary. 

Branches were organized in 1907 and 1908 in the four 
principal cities. The number of main branches at 
which Plunket nurses are stationed has gradually 
increased until in March, 1926, it was 59; in addition 
there were a number of sub-branches in outlying dis- 
tricts. Local committees were formed in a number of 
other smaller places. The number of Plunket nurses 
gradually increased to 28 in 1916, 46 in 1920, and 98 in 
1926. 

In the year ended March 31, 1919, the total number 
of babies cared for was 15,951, a figure which increased 
to 41,635 in 1925-6. This figure, however, includes not 
only infants brought for the first time under the care of 
the society, but also infants cared for at any time dur- 
ing the year who had also been under care in a previous 
year. Babies are usually first brought under care 
before they are one year old, and very rarely after 
passing the first birthday; but after having formed the 
habit of consulting the Plunket nurses, mothers fre- 
quently bring their babies, as they are indeed urged to 
do, at intervals until they reach two years of age. _ 

The number of infants brought under care for the 
first time may fairly be compared with the number of 
births to show roughly the proportion of infants born 
in New Zealand who are brought directly under the 
influence of the Plunket nurses. The figure for 1919, 
furnished through the courtesy of the Health Depart- 
ment to which the society makes monthly reports, 
was 6,454, which, when compared with the total num- 
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ber of births for that year, gives 26.4 per cent, or over 
one-fourth of all the New Zealand babies cared for by 
the society. ‘The proportion was much higher in the 
cities in which most of the work is centered. But 
even outside the four principal cities, approximately 
one-sixth of all births came directly under the care of 
the society even at that time. 


TABLE 44 
Proportion of infants brought directly under care of the Plunket 
Soctety, 1919 


INFANTS BROUGHT 
UNDER CARE FOR FIRST 
BIRTHS, TIME DURING 1919 


PLACE 1919* 


Number{ ee rene of 


NeW: Zealand srcmuesenmsceriooe sos eee 24,483 | 6,454 26.4 


Four chief cities (metropolitan areas). 7,683 | 3,337 43.4 
Remainder of Dominion.............. 16,800 |} 3,117 18.6 


* Statistics of the Dominion of New Zealand, 1919, Vol. I, Popu- 
lation and Vital Statistics, pp. 33 and 85. 


{+ From manuscript table furnished by courtesy of the Depart- 
ment of Health of New Zealand. 


Figures for the year ended March, 1926, compiled 
by the Royal New Zealand Society, gave 13,819 new 
cases, which is nearly 50 per cent of all babies born. 
Evidently since 1919 a substantial increase in the pro- 
portion of babies reached by the Plunket nurses has 
taken place. 

It should be pointed out that the infants who are 
brought directly under the supervision of the Plunket 
nurses—nearly one-half the infants born—probably 
include the great majority of those most in need of 
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such care; furthermore, a large proportion of the re- 
mainder are doubtless reached by the educatonal 
measures of the society and by the distribution of 
pamphlets. 

In conclusion, certain influences have been operating 
steadily toward a decrease in infant mortality through- 
out the period. These influences include the gradual 
increase in medical knowledge of the best methods of 
disease prevention, the raising of the level of training 
in the medical profession, the improvements in public 
sanitation, the gradual extension of the public-health 
work in the Dominion as shown in the increase of 
powers and the improvements in methods of adminis- 
tration in the health department, and the gradual edu- 
cation of the public in methods of preventing disease 
and of maintaining health. These movements are 
difficult to trace in their individual effects upon infant 
mortality, but their combined influence is written 
plainly in the gradual and steady improvement in the 
rates of infant mortality from epidemic diseases and 
tuberculosis, as well as in the decline in infant mortal- 
ity from respiratory and from gastric and intestinal 
diseases which occurred during the period from about 
1875 to 1905. 

The marked acceleration in the rate of decline in in- 
fant mortality beginning about 1905 points clearly to 
the presence of new causes operating to produce it. 
Study of the work of various governmental and private 
agencies, so far as they affected infant welfare during 
the period under review, suggests three principal 
movements as responsible in the main for this accel- 
eration. 
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The establishment of State maternity hospitals for 
the training of maternity nurses was a very important 
beginning in a gradual raising of the level of maternity 
care available. The compulsory registration of mid- 
wives and the voluntary registration of nurses were 
further steps toward securing better maternity and 
general nursing service. 

The work of the St. Helens Hospitals, although 
especially directed toward providing for better con- 
finement care for the wives of working men, offers 
large possibilities for the reduction of the infant mor- 
tality rate from causes peculiar to early infancy— 
causes which are related to the care and condition of 
the mother. The decrease of one-half in the infant 
mortality rate during the first month of life secured in 
New York City by systematic prenatal supervision 
shows in a striking way what can be accomplished in 
the further reduction of the rate from causes peculiar 
to early infancy.’° As yet the St. Helens Hospitals 
provide nursing and confinement services for the 
mothers of only about one-tenth of the infants 
born in New Zealand, and have paid comparatively 
little attention to the need for prenatal care. Never- 
theless, their work already appears to have had a slight 
influence on the mortality from causes peculiar to 
early infancy. 

The work of infant-life protection is another impor- 
tant factor in the reduction of infant mortality. This 
work reaches only babies boarded out apart from their 

10 Baker, 8. Josephine, M.D., and Sobel, Jacob, M.D.: ‘Control 
of Infant Morbidity and Mortality in New York City,” in Monthly 


Bulletin of the Department of Health, City of New York, Vol. XI 
(October, 1921), p. 238. 
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mothers; this group, for the most part of illegitimate 
birth, is one in which infant mortality is generally 
high, and is therefore in especial need of supervision. 
Since the improvement of the inspection service due to 
the employment of trained inspectors for infants’ 
homes, the reduction in mortality among these infants 
has been marked. 

The most important influence in the reduction of the 
infant mortality rate is undoubtedly the work of the 
Royal New Zealand Society for the Health of Women 
and Children. Organized in 1907 in Dunedin, its work 
spread to other cities and has gradually enlarged until 
in 1925 it reached directly through its infant-welfare 
centers nearly half of all the babies born in New 
Zealand. Through its newspaper health articles and 
through its distribution of pamphlets, including the 
distribution of its principal pamphlet through the 
Department of Health upon the registration of births, 
the society also undoubtedly exerts an important 
influence over a large proportion of those infants not 
directly reached by the Plunket nurses. The emphasis 
laid upon breast feeding and, in case breast feeding is 
not possible, upon “humanized milk’? makes for a 
reduction in the mortality from gastric and intestinal 
diseases, while general instruction in infant hygiene, 
the value of fresh air, proper clothing, and other 
matters, doubtless exerts an important influence in 
reducing the mortality from respiratory diseases. 

These new movements, together with the conditions 
favorable to low infant mortality rates already de- 
scribed, are doubtless responsible for New Zealand’s 
position as the country with the lowest infant mortality 
rate in the world. 


APPENDIX 


Tue TREND OF MATERNAL MorRTALITY RATES IN THE 
Unitep States DEATH REGISTRATION 
AREA, 1900-1921! 


In Chapter III the close connection between the health 
of the mother and the infant mortality rate was pointed 
out and particular attention was called to the heavy mor- 
tality among infants whose mothers died within one year 
after their births. The trend of the maternal mortality 
rate is, therefore, of great interest in connection with the 
trend of the infant mortality rate. 

The maternal mortality rate in the United States death- 
registration area is increasing, if the statistics can be ac- 
cepted. Apart from the question of the reliability of the 
figures, such a conclusion is surprising in view of the in- 
creased attention paid to medical education and to public- 
health administration and the increasing interest that the 
public takes in questions of health. Before the conclusion 
is accepted, therefore, the evidence for the increase in the 
rate of maternal mortality should be examined critically. 

In table 45 the death rates from all puerperal causes per 
100,000 population are given for the expanding death-regis- 
tration area. The rate from all causes apparently increased 
from 13.3 in 1900 to 16.9 in 1921. From puerperal septice- 
mia it increased from 5.7 in 1900 to a maximum of 7.4 in 
1911, from which point it decreased to 6.8 in 1921. From 
other puerperal causes it increased from 7.6 in 1900 to 10.1 
in 1921. 


1 Reprinted by permission from the American Journal of Public 
Health, Vol. XIV, pp. 738-748, September, 1924. A summary of a 
chapter in a report on Maternal Mortality, United States Children’s 
Bureau Publication No. 158. 
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In this comparison rates expressed in terms of population 
are used because satisfactory birth statistics are not avail- 
able throughout the period for the whole area. But the 
real risk of death from puerperal causes can best be measured 


TABLE 45 
Trend of mortality rates from puerperal causes: expanding death- 
registration area, 1900-1921 


DEATHS FROM PUERPERAL CAUSES, PER 100,000 POPULATION 
YEAR 


Total Ee i Carne 
1900 13.3 5.7 U6 
1901 ili 6 6.0 Neth 
1902 13.0 5.7 as 
1903 14.0 6.1 He) 
1904 . 15.3 6.9 8.5 
1905 14.9 6.8 8.1 
1906 15.1 6.2 8.9 
1907 15.6 6.8 8.9 
1908 15.7 7.0 8.7 
1909 15.3 6.7 8.6 
1910 Loads 7.2 8.5 
1911 16.0 7.4 8.6 
1912 15.0 6.5 8.5 
1913 15.8 7.2 Sia 
1914 16.0 Ga 8.9 
1915 15.3 6.3 9.0 
1916 16.3 6.7 9.6 
1917 16.7 6.9 9.8 
1918 22.3 6.5 15.9 
1919 17.0 5.8 ih 
1920 19.0 6.6 12.5 
1921 16.9 6.8 10.1 


by reference to the number of cases exposed to the risk, 
namely, the number of births. Since the birth rate is falling, 
a constant puerperal mortality as measured in terms of 
births would show a slight decrease if measured in terms of 
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population; and hence these rates expressed in terms of 
population understate the increase in risk rates from puer- 
peral mortality during this period. Furthermore, the 
slight apparent decline in the mortality from puerperal 
septicemia since 1911 might be the result of a stationary or 
even slightly increasing mortality from puerperal septicemia 
masked by the falling birth rate. 

With the possible exception of mortality from puerperal 
septicemia since 1911, the figures indicate a marked increase 
in maternal death rates during the twenty-year period 
covered by the statistics. Before definite conclusions are 
drawn as to the extent of this increase or as to the real trend 
in puerperal mortality, the influence of three factors must 
be considered: (1) the expansion of the registration area, 
(2) the decrease in the birth rate, and (8) improvements 
in certification of cause of death. 

Since these figures relate to the expanding death-regis- 
tration area, the first questions which must be answered are, 
How much, if any, of the apparent increase is due merely 
to the addition to this area of states with higher puerperal 
mortality rates than those in the original area, and how 
much is due to an increase in mortality rates in the original 
or in the added areas? In 1900 the death-registration area 
included 40.5 per cent of the population of the United States; 
in 1920 it included more than twice as large a proportion, 
82.2 per cent. A study of the mortality rates in the original 
registration states (including the District of Columbia but 
excluding registration cities in nonregistration states) and 
in states added during each year shows that the result of 
additions of new states to the area was to increase slightly 
the mortality rates from all puerperal causes in 1906, 1911, 
1913, 1916, 1917, and 1919, and to decrease them slightly 
in 1908, 1909, 1910, 1914, 1918, and 1920, relatively to 
what they would have been if no additions had been made. 

The influence of changes in territory may be eliminated in 
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either of two ways: The first and simpler way is to study 
the trend of mortality in the original registration states of 
1900. In this area the rate from all causes rose from 13.4 
in 1900 to 17.5 in 1920. From puerperal septicemia it rose 
from 5.8 in 1900 to a maximum of 7.1 in 1911, and fell to 
6.1 in 1920. From all other puerperal causes, however, it 
showed a continuous increase from 7.6 to 11.5 during the 
twenty-year period under review. These increases in each 
case are slightly less than the increases shown in the ex- 
panding area. 

This method does not take into account, however, changes 
in rates in the states which were added to the original regis- 
tration area. In most of the added states, but not in all, 
the rate from all puerperal causes was higher in 1921 than 
in the year of admission. 

A method of taking into account changes in mortality 
rates within the added as well as within the original territory 
—giving to each change its due weight in the calculation—is 
as follows: The percentage of change in rate from each year 
to the next in the territory common to both years is first 
ascertained. The initial rate in 1900 is multiplied by the 
percentage of change from 1900 to 1901 in the territory 
common to both years; the result is then multiplied by the 
percentage of change from 1901 to 1902 in the territory 
common to these years; and similarly each successive re- 
sult is multiplied by the corresponding percentage of change. 
The final result is a series of adjusted figures which measure 
the change in maternal mortality in the expanding area 
after the influence of differences in initial rates in the added 
states is eliminated. 

The series of figures so constructed is compared in table 
46 with the rates in the expanding area and with those in 
the original registration states. A comparison of these 
three groups of figures shows that eliminating the influence 
of the expansion of the area gives a trend not far different 
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from the trend of the rates from puerperal causes in the 
original registration states. 


TABLE 46 


Trend of maternal mortality rates, United States death-registration 
area, 1900-1921 


YEAR 


1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 


MATERNAL MORTALITY RATES 


PER 100,000 POPULATION 


Expanding Original 
death- death- 
registration | registration 
area* Statest 
13.4 13.4 
13.2 13.2 
12.6 12.6 
13.1 13.1 
14.9 14.9 
14.6 14.6 
15.0 14.4 
15.5 15.1 
15.5 14.3 
15.0 14.4 
15.4 15.1 
15.5 15.5 
14.4 14.1 
15.5 14.9 
15.4 15.4 
14.8 14.8 
16.0 14.8 
16.5 15.5 
22.1 20.5 
16.8 15.3 
19.0 17.5 
16.7 15.1 


RATIO TO 1900 RATES 


Expanding 
death- 
registration 
area, 


100.0 
98.8 
94.0 
97.5 

110.8 

108.8 

111.9 

115.4 

115.9 

112.2 

114.5 

115.8 

107.7 

115.3 

115.2 

110.5 

119.6 

123.0 

165.0 

125.5 

141.5 

124.5 


Original 
death- 
registration 
States 


100.0 
98.8 
94.0 
97.5 

110.8 

108.8 

107.1 

112.3 

106.9 

107.6 

112.5 

115.6 

105.4 

111.5 

114.5 

110.0 

110.0 

115.2 

153.1 

113.8 

130.8 

112.6 


* Exclusive of cities in non-registration States. 
+ Includes the six New England States, New York, New Jersey, 
District of Columbia, Indiana, and Michigan. 
t The 1900 figures = 100.0. 
§ For method of calculation see preceding text. 


INDEX 
NUMBER OF 
RATES IN 
EXPANDING 
AREA$ 


100.0 
98.8 
94.0 
97.5 

110.8 

108.8 

106.9 

110.4 

111.5 

108.6 

111.8 

111.6 

103.8 

110.2 

110.6 

106.2 

109.9 

112.6 

152.7 
114.5 
29.3 

113.8 
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As for the second factor which must be considered before 
definite conclusions can be drawn, since the birth rate de- 
creased during the twenty years from 1900 to 1920, the 
maternal mortality rate, when expressed in terms of deaths 
per 1,000 births, would show a greater increase than when 
expressed in terms of deaths per 100,000 population. To 
estimate the influence of the fall in birth rate upon the 
apparent changes in rates of puerperal mortality, it is neces- 
sary first to ascertain the amount of this fall; with this in- 
formation its influence upon the puerperal mortality rate 
as stated in terms of population can easily be calculated. 

The chief difficulty in making a correction for the fall in 
birth rates is to ascertain the rates themselves. The regis- 
tration of births in many of the states composing the death- 
registration area of 1900 is incomplete, and statistics based 
upon registered births during the period from 1900 to 1920 
are subject, therefore, to errors of varying size due to omis- 
sions. Perhaps the most satisfactory method is to esti- 
mate the average number of births for the five years pre- 
ceding each census date (1900, 1910, and 1920) from the 
enumerated populations under five years and the statistics 
of deaths of children under five.? This method gives esti- 


2 Tf B,, B, are birth rates in different years, and b = = (i.e., the 
Lb 


proportion that the second birth rate is of the first, and 1, pz are 
the rates of puerperal mortality per 100,000 population in the same 
years, then if p: is divided by the b the result will be comparable 
with p; so far as any change in birth rate is concerned. 

3 The number of births during the five-year period prior to the 
date of the census can be approximated by adding to the enumerated 
population under five years the number of children born during that 
period who died prior to the date of the census. The latter number 
is approximately equal to the sum of: (1) infants who had died under 
one year of age in the four years prior to the date of the census and 
71 per cent of those who had died under one year of age in the fifth 
year before the date of the census; (2) children who had died at 
one year of age during the three years prior, and 59 per cent of those 
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mated birth rates for the original death-registration states 
of 25.6 in 1900, 24.0 in 1910, and 23.2 in 1920; the birth 
rate, therefore, appears to have decreased 9.5 per cent 
during these twenty years. Assuming that these estimates 
give a fairly accurate picture of the fluctuations in the 
actual birth rates during this period, table 47 indicates the 
trend, after allowance is made for the falling birth rate, of 
maternal mortality in the original death-registration states 
from all causes, from puerperal septicemia, and from other 
causes. 

As would be expected, the result of this correction is to 
make still larger the apparent increase in mortality from 
puerperal causes. The rapid fall shown in the crude death 
rates from 1900 to 1902 appears to be caused in large part 


who had died at one year of age in the fourth year prior to the date of 
the census; (3) children who had died at two years of age during the 
two years prior, and 53 per cent of those who had died at this age in 
the third year prior to the date of the census; (4) children who had 
died at three years of age during the year immediately prior, and 
52 per cent of those who had died at this age in the second year 
prior to the date of the census; (5) 52 per cent of the children who 
had died at four years of age in the year immediately prior to the 
census date. (For method see United States Life Tables, 1890, 
1901, 1910, 1901-1910, p. 340.) By this method estimates of births 
were made for the periods 1895-99, 1905-09, 1915-19; the deaths 
under five years in the years 1895-99 were estimated from those 
in the period from 1900-04 by reducing them in the same proportion 
that the estimated number of births in 1895-99 was less than the 
estimated number of births in 1900-04. From these figures birth 
rates for each year from 1900 to 1920 were calculated on the assump- 
tion of a uniform rate of fall; these were then modified to take account 
of fluctuations in the birth rate from year to year by multiplying 
by a factor found by dividing the actual number of registered births 
in each year by one-fifth the sum of the actual number of registered 
births in the five-year period in which the particular year was the 
middle one. In this calculation no allowance was made for omis- 
sions from the census population under five years nor for variations 
in the proportion of such omissions. 
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by the markedly lower birth rates in the years 1901 and 
1902 as compared with that in 1900, which was unusually 
high. The decrease in mortality from puerperal septicemia 


TABLE 47 


Trend in maternal mortality rates after allowance is made for falling 
birth rate, 1900-1921; United States death-registration States of 1900 


TREND IN DBATH RATES: (1900 RaTE = 100.0) 


TREND 


Puerperal Other puerperal 
YEAR eeicee AGEL SSE septicemia causes 
2. SS — : SE GPa Ere 
= 100.0) Geuds Adjusted rad Adjusted Grade Adjusted 


for falling for falling for falling 
figures birth rate figures birth rate figures birth rate 


from 1911 to 1921, which in the crude figures appeared to 
be 14.8 per cent, was reduced, after allowance was made 
for the falling birth rate, to 11.9 per cent. The conclusion 
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might be drawn that though, since 1911 at least, the mor- 
tality from puerperal septicemia in the original death-regis- 
tration states has actually decreased, the trend of the rates 
from “other puerperal causes” appears even more definitely 
upward than would be inferred from the crude figures. 

The improvement in the certification of causes of death 
during the period from 1900 to 1920 is the third factor which 
must be taken into account in determining whether the 
mortality from puerperal causes is actually increasing. The 
result of the campaign for obtaining more accurate report- 
ing of causes of death and for querying unsatisfactory causes 
reported has been to make the statistics for the later years 
of the period more nearly correct than those for the earlier 
years. 

So far as mortality from puerperal septicemia is con- 
cerned, the first inquiries put out directly by the Bureau 
of the Census to the physicians concerned related to deaths 
in 1911, and in that year the death rate from puerperal 
septicemia reached its maximum. Since in the changes 
made as a result of the inquiries the number of cases added 
to puerperal septicemia has always exceeded the number of 
cases subtracted from it, the decrease in the rate since 
that year points to an improvement in mortality from this 
cause. The real improvement is greater than appears on 
the face of the figures, because it is in part masked by the 
continual betterment of certification resulting from exten- 
sion of the system of querying unsatisfactory certifications 
of cause. 

The influence of the improvement in accuracy of certifi- 
cation, so far as the net additions made to puerperal deaths 
as a direct result of letters of inquiry to physicians are 
concerned, may be eliminated by subtracting the additions. 
The numbers of cases added are given in Mortality Statis- 
tics for the entire death-registration area for each year 
since 1911, with the exception of 1912, 1913, and 1918. 
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But these numbers added were in no case over 3.5 per cent, 
a@ percentage which represents, therefore, the maximum 
correction for such additions. 

This method of correction, however, obviously cannot 
eliminate additions resulting indirectly from the system of 
letters of inquiry because of the fact that physicians who 
have received such letters are likely to be more careful 
afterwards in reporting causes of death. 

The influence of the increasing accuracy in certification 
which is reflected in a decrease in the proportion of deaths 
classified as due to ill-defined and unknown causes may be 
estimated and eliminated, so far as transfers from these 
indefinite to puerperal causes are concerned. In 1900 the 
proportion of deaths from ill-defined and unknown causes in 
the death-registration states was 3.8 per cent, whereas in 
1920 in’the same area it was only 0.2 per cent. In 1921 
only 942 deaths in this area were classified as due to ill- 
defined and unknown causes, as compared with 13,199 that 
would have been so classified if the proportion that pre- 
vailed in 1900 had prevailed also in 1921. Of the deaths 
from these indefinite causes in 1900, 2.8 per cent were of 
women between the ages of ten and fifty years. Assuming 
that the same proportion of these were connected with 
pregnancy or childbirth as the puerperal deaths formed of 
the total at these ages from known causes (11.7 per cent), 
then it may be estimated that 0.33 per cent of the total 
deaths from ill-defined causes were maternal. On this 
assumption the number probably added to puerperal deaths 
by transfer from ill-defined causes has been estimated; 
but this correction reduces the index number for the later 
years, showing the trend of mortality from 1900, only from 
1 to 2 per cent. 

Neither of the preceding methods, however, takes account 
of improvements due to the campaign for better certifica- 
tion of causes of death, so far as they have reduced the 
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mortality ascribed either to such poorly defined terms as 
septicemia and convulsions or to.terminal conditions such 
as peritonitis and nephritis, the true or underlying cause of 
which may be puerperal. An estimate of the effect of such 
improvements in certification can be made on the following 
assumptions: First, that the excess in the actual number 
of female deaths at ages fifteen to forty-nine over the num- 
ber expected—if the ratio of female to male deaths at these 
ages was the same as the average ratio of female to male 
deaths under fifteen and over fifty years of age—represents 
transfers from causes of death peculiar to women; and 
secondly, that 80 per cent of these were transfers from puer- 
peral causes. On the basis of these assumptions the total 
number of maternal deaths, including those ascribed to 
poorly defined terms and terminal conditions, in each year 
from 1900 to 1921 has been calculated; and in table 48 the 
rates based upon a comparison of these deaths with the 
estimated births are given to indicate the trend in maternal 
mortality after allowance is made for improvements in 
certification in these cases. 

The trend in the maternal mortality rates, after allow- 
ance has been made for transfers from these five poorly 
defined terms and terminal conditions and from ill-defined 
and unknown causes, is strikingly different from that shown 
in preceding tables. From all causes the trend appeais to 
have been very slightly downward, the highest rate, with 
the exception of that for 1918 when influenza was a factor, 
being for 1900. The trend of mortality from puerperal 
septicemia, however, appears to have been sharply down- 
wards throughout the period, the figures indicating a de- 
crease of 36 per cent during these twenty years. From 


‘Of all deaths from ten to forty-nine years of age from causes 
peculiar to women 77.5 per cent were puerperal in 1900 and 80.1 
per cent in 1920; 80 per cent is taken as a rough approximation to an 
average percentage. 
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other puerperal causes the rates appear fairly uniform ex- 
cept in 1918, 1919, and 1920, when they were abnormally 
high. 
TABLE 48 
Estimated trend in maternal mortality rates by cause of death, after 
allowance ts made for improvement in certification of 


causes of death; United States death-registration 
states as of 1900, 1900-1920* 


ESTIMATED DEATH RATES PER 1,000 LIVE BIRTHS 


Puerperal causes Puerperal septicemia All other 

YEAR See ES ee ee ee ee 

Trend Trend Trend 

Rate (1900 rate Rate (1900 rate Rate (1900 rate 

= 100.0) = 100.0) = 100.0) 
1900 8.5 100.0 4.3 100.0 4.2 100.0 
1901 8.0 94.3 3.7 86.8 4.3 101.9 
1902 ‘7.4 86.8 3.6 83.2 3.8 90.4 
1903 7.0 82.1 3.3 78.2 3.6 86.1 
1904 7.9 92.6 3.9 91.0 4.0 94.2 
1905 8.0 94.2 3.8 88.1 4.2 100.5 
1906 tek 83.5 3.2 73.8 3.9 93.2 
1907 lew 85.0 3.3 77.8 3.9 92.3 
1908 6.7 79.2 3.0 Blan 3.7 87.4 
1909 7.0 82.6 2.9 69.0 4.1 96.4 
1910 6.9 81.0 3.1 72.8 3.8 89.4 
1911 7.0 82.5 3.2 75.4 3.8 89.6 
1912 6.5 76.6 2.7 63.0 3.8 90.3 
1913 6.8 80.0 2.9 67.6 3.9 92.4 
1914 hak 83.2 2.9 68.0 4.2 98.5 
1915 6.9 81.2 2.6 60.9 4.3 101.8 
1916 6.7 78.8 2.7 63.0 4.0 94.8 
1917 6.6 78.3 2.8 64.8 3.9 91.9 
1918 9.3 109.2 2.5 58.2 6.8 160.8 
1919 7.5 88.2 2.4 57.4 5.0 119.5 
1920 7.8 91.8 Pt 64.0 5.1 120.0 


*For method of calculation see text. The allowance made is 
for estimated additions to puerperal deaths from ill-defined and 
unknown causes and from peritonitis, septicemia, convulsions 
(unqualified), acute nephritis and Bright’s disease. 
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The validity of these conclusions rests obviously upon 
the validity of the method of estimate of the number of 
puerperal deaths that were roughly classified in past years 
as due to poorly defined and terminal, rather than to causal, 
conditions. In support of the method it should be mentioned 
that marked decreases in mortality from ‘septicemia,’ 
“peritonitis,” and ‘‘convulsions (unqualified)”’ have occurred 
during the twenty-year period, and that, in part at least, 
deaths from these causes have been transferred to puerperal 
septicemia and other puerperal causes. Furthermore, a 
decrease in maternal mortality would be expected in view 
of the experience of other countries and especially in view of 
the marked improvement in standards of medical education 
and medical licensure in this country. 

The figures, therefore, raise a strong presumption that 
the mortality from puerperal septicemia actually decreased 
throughout the period from 1900 to 1920, while that from 
other puerperal causes remained approximately the same. 
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External causes, 14, 39, 158 
See Cause of death 


Factor, causal, defined, 59 
Intermediate, 145 
Prevalence, defined, 59 
Fall River, 27 
Family income, 128-132 
Family, Size of 
See Per capita income 
Father’s earnings, see Earnings 
of father 
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Father’s occupation, see Occu- 
pation of father 
Father’s nationality, 107 
See Nationality 
Feeding, 75-101 
Age for change in feeding, 
best, 82-85 
Berlin, 75 
Bavaria, 75 
Cause of death, 39, 40, 88-90 
Classification, 76 
Correlated with 
Death of mother, 91-93 
Earnings of father, 98, 137, 
149 
Employment of mother dur- 
ing infant’s first year, 54, 55 
Nationality and race, 97-8, 
112-3 
Physical weakness of infant, 
91-93 
Prematurity, 52-53, 91-93 
Single and plural birth, 91-93 
Factor in infant mortality, 47, 
75-101 
Cumulative effect of early 
artificial, 86-8, 94-6 
Duration of previous arti- 
ficial feeding, 86-8, 94-6 
Death of mother, 91-3 
Earnings of father, 98-100 
Months, 79-81 
Nationality and race, 96-99 
Prematurity, 91-3 
Physical weakness, 91-4 
Single and plural birth, 91-3 
Month of life, 76-8 
Royal New Zealand Society, 
174 
Safeguards in artificial feeding 
vary, 149 
See also Artificial feeding, 


INDEX 


Breast Feeding, Gastrie and 
intestinal diseases, and under 
each factor, especially Na- 
tionality and race, and Earn- 
ings of father 

Female infant mortality, 
Sex 

Foreign-born, see Nationality 

French-Canadian, 48, 108-9, 115 

See also Nationality 


see 


Gastric and intestinal diseases, 
9-11, 15, 39, 42 
Artificial feeding, 40, 88 
Dunedin, New Zealand, 160 
Maximum mortality, 41 
New Zealand, 21, 159 
United States, 9-11, 15-16, 21 
See Cause of death 
German, 48, 103-4, 108-10, 114— 
119 
See also Nationality 
Greenwood, 125-6 
Groth, 75 


Hahn, 75 
Health, see Child Hygiene Divi- 
sions 
Health, Department of, N. Z., 
172, 174 
Of mother, 42-48, 144 
See also Physical weakness of 
infant 
See also Royal N. Z. Society 
for Health of Women and 
Children, Child hygiene 
divisions 
Heart disease, 11, 14, 40 
, See Cause of death 
-editary weakness, 40 
see also Physical weakness 
Home ownership, 146 
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Hospitals, St. Helens, N. Z., 
168-9, 178 

Housing congestion and infant 
mortality, 48-9, 150 

Housing, New Zealand, 164 

Humanized milk, 173-4, 179 

Hydrocephalus, 157 


Ignorance, effect of, 146 
Jll-defined diseases, 40 
See also Cause of death 
Illegitimate births 
Excluded from Children’s 
Bureau studies, 29, 31 
Infant mortality among, 170-1 
Proportion of, New Zealand, 
170 
Immigration, New Zealand, 165 
See also Nationality 
Improvement in birth registra- 
tion, U.S., 6-8 
Income of family, see Family 
income 
Income per capita, see Per capita 
income 
Infant life protection, 169-170 
Infant mortality 
Business cycle and, 126 
Causes of, see Cause of death 
Calculation, 1, 28, 103 


Children’s Bureau studies. 
See Children’s Bureau 
studies 


Countries, principal, 103 
Country of birth of mother, 104 
Decline in 
New Zealand, 153-179 
United States (B. R. A.), 
1-22 
Factors in, see Age of mo’ 
Death of mother, Earn. 
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of father, Economic fac- 


tors, Employment of 
mother, Feeding, Hous- 
ing congestion, Inter- 


val before succeeding preg- 
nancy, Interval since pre- 
ceding birth, Nationality 
and race, Order of birth, 


Physical condition of 

mother, Prematurity, 

Plural birth, Sex 
Illegitimate, New Zealand, 


New South Wales, 170-1 
Method of analysis, see 
Method of expected deaths 
New Zealand, 21-22, 153-179 
Problems in study of, 23-37 
United States birth registra- 
tion area, 1-22, 38 
Infant welfare work, 15, 20, 22 
Influenza, 12-14 
See Cause of death 
Injuries at birth, 10-12, 39-40, 47 
See Cause of death 
Instrumental delivery, 47 
Interval before succeeding preg- 
nancy, 46-47, 121, 141, 143 
Interval since preceding birth 
Correlated with 
Earnings of father, 140-1 
Nationality of mother, 120 
Factor in infant mortality, 45- 
46 
Italian, 48, 102-4, 108-9, 112 
See Nationality 
Irish Free State, infant mortal- 
ity, 103 


Jewish, 48, 97-99, 108-9, 113-121 
See Nationality 
Johnstown, Pa., 25, 35, 126 
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Karitane nurses, 173 
King, Sir Truby, ix, 171 


Labor Statistics, Bureau of, 27 
Land legislation, N. Z., 165 


Male infant mortality, see Sex 
Malformations, 10-12, 21, 39, 89, 
160 
See Cause of death 
Manchester, N. H., 25, 33 
Test of wage data, 128 
Maoris omitted from N. Z. vital 
statistics, 153 
Massachusetts, birth and death 
registration, 2 
See Brockton, New Bedford 
Maternal mortality, trend of, 
U.S., 180-192 
See also Death of mother 
Maternal nursing, 148-9 
See also Artificial feeding, 
Breast feeding, Feeding 
Maternity care, 144-145, 167 
Maternity hospitals, N. Z., 168 
Maternity, mortality of, see 
Maternal mortality 
Measles, 13 
See Cause of death 
Medical prenatal care, 48, 144- 
145 
Meningitis, 9, 11, 40, 156 
Method of expected deaths, 55-57, 
59-74, 80, 141 
Advantages, 74 
Conditions for applying, 55 
Limitations, 71-3 
Notation, 71 
Partial correlation, compared 
with, 72 
See also, Age of mother, 
Earnings of father, Employ- 


INDEX 


ment of mother, Feeding, 
Nationality, etc., for appli- 
cations of method 

Method of standards, see also 
Method of expected deaths, 
64 

Midwives, N. Z., 167-8 

Milk, humanized, 173-4, 179 

Milk, supervision of supply, 15, 
20 

Modified milk, 149 

See Humanized milk 

Month of birth and infant mor- 
tality, 41-42 

Month of death, 41 

Month of life, 41, 77 

Feeding, 76-77 

Mortality, see Infant mortality, 
Maternal mortality, Neo- 
natal mortality 

Mother, see Age of, Country of 
birth of, Death of, Employ- 


ment of, Nationality of, 
Tuberculosis of 
Wage data secured from, 


tested, 127-8 

Mother tongue, see Nationality, 
107 

Multiple classification, 59-62 


Nationality of father, 107 
Nationality (and race) of - 
mother, 48, 102-126 
Country of birth, 102-4 
Correlated with 
Age of mother, 119 
Death of mother, 121 
Earnings of father, 116-7, 
137-8 
Feeding, 96, 112-3 
Interval before succeeding 
pregnancy, 121 
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Interval since preceding Infant life protection, 169-171 
birth, 120 Maternity and nursing care, 


Order of birth, 120 
Prematurity, 121 
Single or plural birth, 121 
Environmental or racial fac- 
tor, 107 
Factor in infant mortality, 48, 
108-126 
Age of mother, 119 
Birth rate factors, 119 
Earnings of father, 117-9 
Feeding, 114-5, 118-9 
Other factors, 119-21 
Racial or environmental fac- 
tor, 107 
See also under Earnings of 
father, Feeding. 
Native white, see Nationality 
Neale, Edward P., 157 
Negro, 25, 48, 54 
See Nationality, Race 
Neonatal mortality, 19, 111, 131, 
147 
Employment of mother during 
pregnancy, 147 
See also, Early infancy, Cause 
of death 
Nephritis, 190 
Netherlands, 
rate, 103 
New Bedford, Mass., 25, 33 
New South Wales, 171, 173 
New York City, 178 
New Zealand, 21, 153-179 
Climate, 163-4 
Decline in infant mortality 
Causes of death, 156-163 
Factors in decline, 166-179 
Periods, 154-156 
Illegitimate births, 171 
Infant mortality, 21, 153-179 


infant mortality 


166-169 
Royal N. Z. Society for Health 
of Women and Children, 
171-7 
St. Helens hospitals, 168-9 
Non-residents, excluded, 29-30 
Norway, infant mortality, 103 
Nurses 
Karitane, training, 173 
Plunket, 173-5 
Registration, N. Z., 167, 178 
St. Helens, 169, 178 
Nursing care at confinement, 146, 
169, 178 


Occupation of father and infant 
mortality, English data, 124 
Ogburn, 126 
Order of birth, 45, 64-69, 71-72 
Births by order, and age of 
mother, 65 
Correlated with 
Age of mother, 64, 69 
Earnings of father, 64, 140 
Nationality, 120 
Twins and triplets, 64 
Factor in infant mortality, 45, 
66-69, 71-73 
Age of mother, 66-68 
Earnings of father, 68-69 
Plural birth, 68-69 
Infant mortality rates by, and 
age of mother, 71-73 
See also under Earnings of 
father, Nationality 
Organic heart disease, 11, 14, 
40 
Other communicable diseases, 
13-14, 39 
See Cause of death 
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Other puerperal causes. Trend 
in rates, U. S., 180-191 
After corrections, 190-1 
See Maternal mortality 
Overcrowding and infant mor- 
tality, 150 


See Housing congestion 


Pamphlets, distribution to 
mothers, 20, 174 
Partial correlation, and method 
of expected deaths, 72 
Pay-roll data, used to test wage 
data, 126-8 
Per capita income and infant 
mortality, 51, 134-5 
Correlated with father’s earn- 
ings, 133-4 
Peritonitis, 190 
Physician’s advice in feeding, 
149, 174 
Physical condition of mother, 43 
Physical weakness of infant and 
feeding, 91 
See Artificial feeding, Breast 
feeding, Feeding 
Plunket nurses, 173-4 
Plunket Society, See Royal N. Z. 
Society for Health of Women 
and Children 
Plural birth, 47, 52 
Correlated with 
Age of mother, 69 
Feeding, 91-96 
Nationality, 121 
Order of birth, 68 
Prematurity, 52 
Factor in infant mortality, 
47, 52 
Polish, 48, 97, 99, 104, 108-110, 
113-119 
See Nationality 
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Portuguese, 48, 97, 99, 108-119 
See Nationality 
Pregnancy, mother’s employ- 
ment during, see Employ- 
ment of mother during preg- 
nancy 
Pregnancy, 
43 
Premature birth, 10-12, 39, 40, 
121, 147 
See Cause of death, Employ- 
ment of mother during preg- 
nancy 
Prematurity, 47, 51-3, 56 
Correlated with 
Feeding, 52-3, 91-94 
Nationality, 121 
Plural birth, 52-3 
Sex, 53, 56 
Factor in infant mortality, 
47, 52-8, 56 
Feeding, 53 
Plural birth, 53 
Sex, 53, 56 
See also under Feeding, Na- 
tionality 
Prenatal care, 20, 22, 39, 43, 168, 
178 
Pressure, 
151 
Prevalence factor, defined, 60 
Prinzing, 125 
Probable error, 57-8 
Problems of infant mortality, 
23-37 
Protection of infant life, N. Z., 
169, 178-9 
Puerperal causes, see Maternal 
mortality 
Puerperal septicemia, trend in 
rates, 180-191 
After corrections, 190-1 


complications of, 


economic, 132, 146, 
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Querying causes of death, system 
of, 188 


Race, 48, 54, 102-122 
See Nationality 
Racial factors, as distinguished 
from environmental, 105-7 
Ratcliffe, 63 
Registration 
Births and deaths, 2, 35-6, 
162 
Midwives, N. Z., 167-168 
Nurses, N. Z., 167, 178 
Stillbirths, N. Z., 161 
Respiratory diseases, 9-12, 21, 
39, 41, 89, 109, 131, 160 
See Cause of death 
Rest period of mothers after 
confinement, 146 
Rhode Island, dropped from 
registration area, 2-3 
Royal New Zealand Society for 
Health of Women and Chil- 
dren, x, 171-7, 179 
Infants, proportion reached, 
175-6 
Influence on infant mortality, 
179 
Organization, 171-5 
Rural, see Urban 


Safeguards in artificial feeding, 
and earnings, 149 

Saginaw, Mich., 25, 34-36 

St. Helens hospitals, New Zea- 
land, 168, 178 

St. Helens nurses, 169 

Sanitation, 20 

Scarlet fever, 13 

See Cause of death 

Scotland, infant 

103 


mortality, 
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Season, and infant mortality, 40- 
42 
Septicemia, 190-1 
See also Puerperal septicemia 
Sex and infant mortality, 42, 
52-3, 56 
Single birth, see Plural 
Sobel, Jacob, 178 
Sopa, custom of Portuguese in 
giving, 112 
Spacing of births, 46 
See Interval 
Spain, infant mortality, 103 
Standards, method of, see 
Method of expected deaths, 
Stevenson, T. H. C., 124 
Stillbirth registration, N. Z., 161 
Sweden, infant mortality, 103 
Registration of births since 
1749, 2 
Switzerland, 
103 
Syphilis, 13-4, 39, 157 
See Cause of death 


infant mortality, 


Tetanus, 13, 14 
See Cause of death 
Thomas, Dorothy S., 126 
Tuberculosis, 13, 14, 39, 157 
Of mother, 43 
See Cause of death 
Twins and triplets, see Plural 
birth 


Urban infant mortality, 14-20, 

25-26 

Artificial feeding, 17 

Causes of death, 15-18 

Changes in urban areas, 14-15 

Decline in relative mortality, 
16, 25 

Neonatal mortality, 19 
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Validity of conclusions, number Welfare work, 15, 20 


of cases, 57 Westergaard, Harald, 55, 59, 62, 
75 
See Method of expected 

Wage data, Manchester, test of, deaths : 

is White, see Nationality 
Wages, New Zealand, 165 New Zealand, infant mortality 
Waterbury, Conn., 25, 35-6 rate limited to, 153 
Weaning, Best age for, 84 Whooping cough, 13, 39 
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N THE “elder days of art’’ each artist or craftsman 
l| enjoyed the privilege of independent creation. 

He carried through a process of manufacture from 
beginning to end. The scribe of the days before the 
printing press was such a craftsman. So was the 
printer in the days before the machine process. He 
stood or fell, as a craftsman, by the merit or demerit 
of his finished product. 


Modern machine production has added much to the 
worker’s productivity and to his material welfare; but 
it has deprived him of the old creative distinctive- 
ness. His work is merged in the work of the team, 
and lost sight of as something representing him and 
his personality. 


Many hands and minds contribute to the manufacture 
of a book, in this day of specialization. There are 
seven distinct major processes in the making of a book: 
The type must first be set; by the monotype method, 
there are two processes, the ‘‘keyboarding”’ of the MS 
and the casting of the type from the perforated paper 
rolls thus produced. Formulas and other intricate 
work must be hand-set; then the whole brought to- 
gether (‘‘composed’’) in its true order, made into pages 
and forms. The results must be checked by proof 
reading at each stage. Then comes the ‘“‘make-ready’’ 
and press-run and finally the binding into volumes. 


All of these processes, except that of binding into cloth 
or leather covers, are carried on under our roof. 


The motto of the Waverly Press is Sans Tache. Our 
ideal is to manufacture books “without blemish’”?— 
worthy books, worthily printed, with worthy typog- 
raphy—books to which we shall be proud to attach 
our imprint, made by craftsmen who are willing to 
accept open responsibility for their work, and who are 
entitled to credit for creditable performance. 


The printing craftsman of today is quite as much a 
craftsman as his predecessor. ‘There is quite as much 
discrimination between poor work and good. We 
are of the opinion that the individuality of the worker 
should not be wholly lost. The members of our staff 
who have contributed their skill of hand and brain to 
this volume are: 


Composing Room: James Jackson, Austin Uhland, Edgar Simmons, 
Ray Kauffman, Anthony Wagner, Nathan Miller, Arthur Baker, 
Charles Wyatt, James Armiger, John Crabill, Herbert Leitch, 
Edward Rice, Richard King, George Moss, Henry Shea, Walter 
Phillips, Theodore Nilson. 


Keyboard: Anna Rustic, Katharine Kocent, Eleanor Luecke, 
Minnie Foard. 

Casters: Kenneth Brown, Ernest Wann, Mahlon Robinson, Charles 
Aher, George Smith, Frank Malanosky, Martin Griffen, Henry 
Lee, Charles Fick. 


Proof Room: Sarah Katzin, Mary Reed, Alice Reuter, Ruth 
Treischman, Ethel Strasinger, Lucille Bull, Angeline Hifert, Audrey 
Tanner, Dorothy Strasinger, Lillian Gilland, Geraldine Browne, 
George Southworth, Ida Zimmerman, Catherine Miller. 

Press: Andrew Becker, Clarence Ridgway, Robert S. Gallagher, 
Fred Lucker. 


Folder: Laurence Krug, Shipley Dellinger. 
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